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This  trio  of  standard  Guardian  Stepping  Reiays:  (1)  continuous 
rotation,  (2)  eiectricai  reset,  (3)  add  and  subtract — will  start  you 
off  with  a  minimum  of  design  and  keep  your  products  operating 
indefinitely.  The  Guardian  Steppers  shewn  are  adaptable  to 
numerous  applications:  automatic  circuit  selection;  automatic 
sequence  selection  of  circuits:  automatic  sequence  cross-connec¬ 
tion  of  circuits.  They  are  used  in  automatic  business  machines, 
production  totaliiers,  conveyor  controls,  animated  displays,  tele¬ 
phony,  remote  tuning,  with  a  host  of  additional  uses  you  will  soon 
discover.  On  each,  the  contact  finger  rotates  counter-clockwise 
All  three  Steppers  follow  10  pulses  per  second  within  the  rated 
voltage  range  of  the  relay.  Special  construction  prohibits  skip¬ 
ping  or  improper  indexing  of  the  ratchet..  Available  in  separate 
units  or  in  combination  with  relays,  contact  switches,  solenoids: 
completely  assembled  and  wired  to  terminals;  mounted  on  speciol 
bases  or  in  enclosures.  "Special"  modifications  ore  obtainable  in 
production  quantities.  Write  for  Bulletin  SR. 


SOLAR  CAPACITORS 
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RECTANGULAR-CASE 
SUPEREX*  CAPACITORS 
COMBINE  SMALL  SIZE 
AND  LONG  LIFE 


The  Type  XLXP  series  of  Superex-treated 
paper-dielectric  capacitors  is  conservatively 
designed  to  meet  the  exacting  requirements 
of  industrial  electronic  equipment  and  com¬ 
mercial  radio  apparatus.  The  synthetic,  non¬ 
flammable  Superex  impregndnt  and  fill 
assures  long  life,  small  size,  high  insulation 
resistance,  low  power  factor,  and  stability 
of  electrical  characteristics  at  elevated  tem¬ 
peratures. 

Capacitors  are  furnished  in  gray- 
lacquered  hermetically-sealed  fabricated 
terneplate  containers  with  high-voltage 
porcelain  terminal  bushings. 

Type  XLXPL  units  are  supplied  with 
hook-on  flat-flange  mounting  brackets; 
Type  XLXPJ  units  are  supplied  with  hook- 
on  spade-bolt  brackets;  and  Type  XLXPU 
capacitors  have  wrap-around  universal 
mounting  brackets. 

Maximum  capacitances  for  standard  volt¬ 
age  ratings  are  as  follows: 


For  further  information,  see  your  Solar 
representative  or  write  to  Solar  Manufac¬ 
turing  Corporation,  1445  Hudson  Blvd., 
North  Bergen,  N.  J.  Plants  at  Chicago,  Ill., 
Bayonne  and  North  Bergen,  N.  J. 

Trade  Mark 

®3326 


BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 


Electronic  Devices  are  being 
used  in  only  five  per  cent  of  the  ap¬ 
plications  where  they  could  be  use¬ 
ful,  according  to  Edward  U.  Con¬ 
don,  Director  of  the  National  Bu¬ 
reau  of  Standards. 

Several  Letters  ask  if  privately- 
owned  shore-to-ship  stations  are 
being  experimentally  licensed  for 
operation  in  the  152-162  me  mari¬ 
time  mobile  band.  As  near  as  we 
can  find  out  the  situation  appears 
to  be  as  follows: 

Nine  frequencies  have  been  allo¬ 
cated  for  experimental  use  in  that 
range  but  no  construction  permits 
have  yet  been  granted  for  private 
service.  A  hearing  is  to  be  held  by 
the  FCC  at  some  future  date  on 
applications  filed  by  Foss  Launch 
and  Tug  of  Seattle,  Meseck  Towing 
Lines  and  Moran  Towing  and 
Transportation  of  New  York.  De¬ 
cision  on  this  case  will  probably 
determine  future  policy,  so  the 
thing  for  other  interested  com¬ 
panies  to  do  is  to  file  experimental 
license  applications  in  Washington 
on  the  odd  chance  that  all  such  ap¬ 
plications  on  hand  when  the  hear¬ 
ing  is  held  may  be  considered  at 
one  time. 

Meanwhile,  common-carrier  ex¬ 
perimental  maritime  mobile  sta¬ 
tion  construction  permits  have 
been  assigned  to  AT&T  in  New 
York,  Western  Union  in  the  same 
city,  and  to  Wayne  Miller  in  Mo¬ 
bile,  Alabama. 

Creological  Radio  Licenses  total 
500,  as  against  131  in  1935.  Prac¬ 
tically  all  of  them  involve  a  plural¬ 
ity  of  mobile  and  portable  units, 
and  are  held  by  oil  companies  or 
their  subsidiaries. 

Noise  is  a  major  problem  in  Can¬ 
ada  because  of  the  distances 
radio  signals  must  travel  to  reach 
remote  areas.  The  subject  came  in 
for  a  good  deal  of  attention  at  a 
recent  technical  meeting  north  of 
our  border,  with  manufacturers  of 
electrical  appliances  and  power 


companies  as  well  as  receiver  mak¬ 
ers  exhibiting  great  interest. 

It  is  our  guess  that  suppression 
of  noise,  will  soon  be  a  major  prob¬ 
lem  in  the  United  States,  what  with 
television  and  many  new  mobile 
services  rapidly  gaining  headway 
in  the  field.  Cooperative  effort  will 
be  needed.  Count  us  in. 

Packaged  Wiring  is  still  very 
much  in  the  <iews.  We  hear  that  a 
manufacturer  of  industrial  con¬ 
trols  already  preforming  busbar 
and  dropping  it  into  channels 
moulded  in  chassis  may  soon  go  a 
step  farther  and  use  sprayed  wir¬ 
ing.  Experiments  conducted  in  this 
firm’s  development  lab  indicate 
that  it  may  not  be  necessary  to  u.se 
a  screen  process.  Sprayed  metal 
sticks  to  roughened  portions  of 
plastic  chassis,  and  is  readily 
wiped  off  smooth  areas. 

RCA  Earnings  in  the  last  10 
years  are  as  follows: 


PROFIT 

YB.\R  GROSS  INCOME  AFTER  TAXES 

1937* .  1112.639,498  8.0% 

1938* .  99,968.110  7.4 

1939* .  110,494,.398  7.3 

1940* .  128.491,611  7.1 

1941  .  158,695,722  6.4 

1942  .  197,024,056  4.6 

1943  .  294,535,362  3.5 

1944  .  326,421,913  3.1 

1945  .  279,503,615  4.0 

1946  .  236,980,770  4.6 


AVERAGE.  $194,475,505  4.9 

*  Including  foreign  subsidiaries.  Otiier 
years  include  domestic  subsidiaries  only. 

Factory  Tele  Service  and  instal¬ 
lation  stations  may  be  necessary 
in  order  to  get  the  new  video  busi¬ 
ness  rolling  fast  and  still  make 
equipment  stick  but  many  people, 
including  service-wise  John  Rider, 
believe  that  much  of  this  work 
will  ultimately  have  to  be  handled 
by  independents. 

Remembering  our  own  early  ra¬ 
dio  servicing  experiences  dating 
back  to  1924,  and  following  con¬ 
versations  with  many  friends  still 
in  the  game,  we  are  inclined  to 
agree.  And  offer  television  receiver 
manufacturers  this  advice  for 
what  it  is  worth:  Start  out  the 
way  you  think  best.  But  encourage 
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ACCURACY  AT  HIGH  SPEEDS 
DEPENDABILITY-DURABILITY 


crCLOTwon  ,14' 
CO  ^ 


Th*t«  or*  only  a  low  of  fho  many  usort  of 
Cyclotron  Spoeialfiot  Impulto  Rogistort : 

GENERAL  ELECTRIC  COMPANY 
FORD  MOTOR  COMPANY 
E.  I.  DU  PONT  DE  NEMOURS  A  CO. 
SOCONY  VACUUM  OIL 
WESTINGHOUSE  ELECTRIC  CORPORATION 
BELL  TELEPHONE  LABORATORIES 
U.  S.  ATOMIC  ENERGY  COMMISSION 
GENERAL  FOODS  CORPORATION 
NORTH  AMERICAN  PHILIPS  CO. 

RADIO  CORP.  OF  AMERICA 
EASTMAN  KODAK  COMPANY 
DOW  CHEMICAL  COMPANY 
U.  S.  RUBBER  COMPANY 
MONSANTO  CHEMICAL  COMPANY 
AMERICAN  CYNAMIDE  A  CHEMICAL 
CORPORATION 

Ov«r  600  Amtrican  and  Foreign  Univortitiot 


Cyclotron  Specialties  Impulse  Register  was  originally  de¬ 
signed  to  meet  the  exacting  requirements  of  radioactivity 
research  workers.  Through  outstanding  performance,  this 
counter  has  become  a  standby  in  many  fields  of  scientific 
work  throughout  the  entire  world. 


The  Cyclotron  Specialties  Register  is  unique  in  its  ability  to 
operote  at  exceptionally  high  speeds  with  complete  accu¬ 
racy  and  without  adjustment  or  maintenance.  It  is  unexcelled 
for  high  speed  impulse  recording  and  mechanical  operations 
requiring  counting  in  precise  quaritities. 


.ru’  s"  , 

_  (J»a\  reads 

00  ohm  D.C.  ^jioOmilh' 

Derates  on  os  ^^ight.  Att 
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able  accidents. 

Dimensions 


The  operation  of  the  Cyclotron  Specialties  Impulse  Register 
is  entirely  automatic.  Originally  designed  for  our  Geiger- 
Muller  Counter  Sets,  it  has  found  numerous  other  applica¬ 
tions  . . .  both  industrial  and  research  . . .  including  : 


PRECISE  CONTROL  OF  QUANTITIES  (Packaging, 
Sorting,  etc.) 

CUTTING  of  MATERIALS,  FABRICS,  etc.,  to  EXACT 
LENGTHS 

CONTROLLING  VARIOUS  MECHANICAL  OPERATIONS 
CONTROLLING  FUNCTIONS  such  as  TIME,  DIMEN¬ 
SIONS,  VELOCITY,  etc. 


Qgontit'** 


ggafOlX 


, livery 


IngHirie*  for  tpociol  typo  and  modifications  including 
tiiglior  spoodt,  oloctricol  rosot,  flush  ponol  mounting  and 
hiBbor  totalization  will  now  rocoivo  prompt  attention. 


CoV.torn'® 


More®' 
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lUSINESS  HI  EPS  (centinuid) 

independents  to  acquire  the  nec¬ 
essary  knowledge  in  every  possi¬ 
ble  way.  Above  all,  don’t  cut  them 
off. 


Microwave  Relay  Equipment  for 
television  studio-to-station  and/or 
network  operation  interests  at 
least  25  per  cent  of  the  people  now 
on  the  air,  holders  of  construction 
permits^  applicants,  and  consulting 
engineers  active  in  the  field.  That’s 
the  return  Philco’s  Les  Woods  re¬ 
ceived  when  he  sent  out  a  letter 
inviting  such  people  to  write  in  for 
technical  data. 


Home  Receivers  have  long 
been  the  dog  and  other  communi¬ 
cations  apparatus  the  tail  in  the 
electronics  field.  Now  it  looks  like 
the  tail  might  wag  the  dog  in  our 
time,  what  with  buyer’s  strikes  in 
the  household-goods  market  as 
contrasted  with  continuing  healthy 
demand  for  transmitters  and  re¬ 
ceivers  among  old  and  many  new 
commercial  users. 


Voltage  Regulators  are  attaining 
considerable  popularity  among 
manufacturers  of  all  kinds  of  elec¬ 
trical  as  well  as  electronic  equip¬ 
ment  manufacturers  for  the  per¬ 
formance  of  production  tests.  So 
far,  we  have  heard  of  their  use  in 
test  setups  for  vacuum-cleaner 
motors,  switches,  circuit-breakers 
and  clocks.  Details  in  our  feature 
pages  soon. 


prec^ion  resistors 


VBjrbvs/gnW  »•  MM*# 
Mm  Anmyt-Mavy 
‘S  Sp«clffcoflo«  >-93 


It  Has  Often  Been  Said  that  the 
electronics  field  sells  a  lot  of 
things  to  itself.  Nowhere  is  this 
fact  more  noticeable  than  among 
manufacturers  of  transmitters  and 
r-f  heating  apparatus  who  happen 
also  to  make  tubes.  Frequently 
they  will  be  found  using  tubes 
made  by  somebody  else.  And  the 
answer  is  that  so  many  types  are 
required  that  no  one  manufacturer 
would  find  it  economically  sound 
to  make  them  all. 


14  standard  Shallcross  Akra-Ohm 
Precision  Resistors  and  50  available 
adaptations  combining  special  ter¬ 
minals,  mountings  and  power  ratings 
match  almost  any  specification. 

Normal  accuracy  is  d=1%.  Toler¬ 
ances  as  close  as  0.05%  where  re¬ 
quired.  Temperature  coefficient  to 
meet  any  requirement.  All  types  can 
be  wound  with  either  manganin,  cop¬ 
per-nickel,  or  nickel-chrome  or  other 
wire  alloys  as  desired.  All  designs  are 
highly  moisture  repellent  and  unaffect¬ 
ed  by  humidity.  Normal  resistance 
ranges  from  fraction  of  an  ohm  to 
20  megohms. 


WKISION  SWITCNB 

3S0  datifni  for  inttrvoioott  oorf  hith-frodo 
olodrlcol  opporotwi 

HIM-V01TA6E  TBT  EOUIPMENT 

1.3  to  300  KV 

NIDMS 

Whootitofio,  Kolvin-Whooltlono. 
Porcool  limit  •and  Powlt  Location  Typai 

DECADE  lOXES 

1  to  7  dial  typoi, 

0.1  to  11,  111,  110  olimt 

VOLTADE  DIVIDBS 
(DECADE  NTENTIOMETOS) 

Voltoso  ratiot  0.0001  to  1 .0 

LOW  lESBTANCE  TBT  SEH 

Prom  300  micro-okmi  to  100  olimt 

ATTEmATOIS  4  CONTIOIS  FOI 
CONHONIUTION  EQIIPMENT 


Speaking  Of  Heating,  industrial 
plants  in  which  the  use  of  elec¬ 
tronic  methods  represents  a  poten¬ 
tial  saving  of,  say,  10  percent  over 
older  methods  should  be  willing  to 
plough  back  2  percent  for  the  serv¬ 
ices  of  a  maintenance  man  who 
really  understands  the  gear.  Other- 


'  Writa  for  froo  copy  o>f  Shallcross 
Procition  Kasistor  Guido 

SHAUCROM  MANUFACTURING  CO. 
D«pf.  E-t7,  Callingdola,  Pa. 
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wise,  the  saving  permitted  by  the  | 
use  of  electronics  may  never  be  I 
achieved. 

When  plants  using  steam  en¬ 
gines  as  a  source  of  power  added 
electricity  they  employed  an  elec¬ 
trical  as  well  as  a  steam  engineer. 
They  should  be  equally  aware  of 
the  fact  that  a  maintenance  man 
who  can  handle  60-cycle  stuff  in 
his  sleep  may  not  necessarily  feel 
at  home  with  tubes. 


Radio  Stations  in  the  United 
States  total  125,000.  This  figure 
includes  1,200  broadcast  stations 
(not  counting  the  1,0Q0  or  more 
under  construction)  and  70,000 
amateur  stations. 

There  are  325,000  licensed  com¬ 
mercial  radio  operators,  and  75,- 
000  licensed  amateur  operators. 


FCC  Says  the  nation’s  seven  ma¬ 
jor  networks  and  924  a-m  broad¬ 
cast  stations  had  34,831  employees 
in  February  1947,  as  compared 
with  the  29,405  employed  by  nine 
networks  and  876  stations  in  Oc¬ 
tober  1945. 

Employees  other  than  executive, 
supervisory  and  non-staff  were  re¬ 
ceiving  an  average  of  $61  weekly, 
for  about  39  hours. 


Precision-made  gears  . . .  small  and  medium  sizes _ in  standard 

and  special  tooth  forms,  from  any  kind  of  material,  made  to 
your  exact  specifications.  Tolerances  within  .0005'’. 

Beaver  gears  are  used  in  well-known  piakes  of  modern  products 
such  as  automobiles,  radios,  automatic  tuning  devices,  phono¬ 
graphs,  clocks,  timing  mechanisms,  motion  picture  projectors, 
chronometers,  gauges,  optical  equipment,  instruments,  machine 
tools,  and  many  others. 

Beaver  engineers  will  design  or  redesign  gears  to  meet  perform¬ 
ance  and  cost  requirements.  Send  us  your  blueprints  for  estimate. 


Deliveries  of  domestic  broadcast 
tran.smitters  and  studio  equipment 
by  RMA  member-companies  to¬ 
taled  $3,257,394  in  the  first  quar¬ 
ter  of  1947,  as  against  $2,863,440  in 
the  last  quarter  of  1946.  (Televi¬ 
sion  equipment  sales  were  lumped 
into  the  1946  figure,  are  not  in¬ 
cluded  in  the  1947  report.)  A-M 
equipment  sales  jumped  from 
$788,567  to  $1,135,868,  while  f-m 
equipment  sales  went  from  $389,- 
844  to  $943,812. 


Radios  In  Use  in  homes,  esti¬ 
mated  by  the  FCC's  economics  di 
vision:  A-M  66,000,000.  F-M  500, 
000.  Television  7,000. 


Write  Today  for  this 
FREE  BULLETIN 

Describes  Beaver  Gear’s  facil¬ 
ities  and  methods;  also  includes 
table  of  gear  tooth  parts. 


Around  This  Office  nearly  every¬ 
thing  is  translated  into  electronic 
terms.  The  writer,  for  instance, 
uses  a  Norma  automatic  pencil 
that  has  leads  of  four  different 
colors.  The  one  you  want  slides 
into  writing  position  when  the 
proper  button  is  pressed.  It  is 
known  locally  as  the  pencil  with  the 
three  shortwave  bands. 
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The  Truth  About 
Electrical  Contacts 


IN  theory,  the  perfect  contact  material  should 
combine  non-sticking  properties,  low  contact 
resistance,  high  thermal  and  electrical  conductiv¬ 
ity  and  resistance  to  electrical  erosion  with  high 
strength  and  hardness.  In  actual  practice  (because 
operating  conditions  differ  widely)  only  two  or 
Uiore  of  these  properties  usually  predominate. 

How  does  Mallory  vary  the  properties  so  the 
right  ones  obtain?  You  can  be  sure  it  isn’t  done 
by  guesswork.  Although  Mallory  has  designed 
more  than  5,000  different  contacts  —  has  had 
20  years  of  experience  in  metallurgy  generally — 
it  believes  in  rigid  control.  This  control  is  ac¬ 
complished  by  a  series  of  spectrographic,  chemical, 
electrical  and  microscopic  tests  such  as  you  see 
at  the  right.  They  reveal  the  truth  about  chemical 
composition,  grain  structure,  physical  properties. 

Yes,  you’re  sure  when  you  order  Mallory  contacts. 
Furthermore,  you  get  the  benefit  of  Mallory  design 
experience,  its  manufacturing  facilities  for  pro¬ 
ducing  every  kind  of  contact  including  contact 
assemblies.  What’s  more,  Mallory  has  developed 
eight  basic  contact  types  that  meet  thousands 
of  typical  applications — save  time  and  money 
involved  in  designing  "specials.”  Send  for  the 
Mallory  Contact  Catalog. 


This  Mallory  spectrographic  device  tests  the  purity  of  metals 
and  alloys. 


Here  Mallory  learns  what  happens  in  the  electrical  circuit  when 
contacts  are  opened  and  closed. 


With  this  unit,  Mallory  technicians  measure  contact  resistance 
and  temperature  rise. 


I  ELECTRICAL 

CONTACT^  &  CONTACT  ASSEMBLIES 
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CROSS 

TALK 

►  JUKE  .  .  .  Last  month  we  rejoiced  in  Dr.  Harry 
Olson’s  experiments  80,  August)  that  proved  that 
audiences  like  to  hear  popular  music  as  played,  with¬ 
out  acoustic  modification  of  the  tonal  range.  But 
that  was  at  Princeton.  Now  comes  word  from  Minne¬ 
sota  that  chills  us  to  the  bone.  It  seems  that  a  bass 
viol  player  in  one  of  the  leading  local  dance  orches¬ 
tras  approached  the  chief  engineer  of  the  Minnesota 
Electronics  Corporation,  asking  for  an  amplifier  sys¬ 
tem  to  be  used  with  the  orchestra.  The  specifications 
were  usual  in  all  but  one  respect.  Said  the  viol 
player,  “Build  the  amplifier  so  my  bass  viol  will 
sound  as  loud  as  those  you  hear  in  the  juke  boxes. 
People  are  so  used  to  the  oomph,  oomph  of  the  boxes 
that  they  now  squawk  for  it  in  the  band!’’ 

This  is,  to  be  sure,  an  isolated  instance.  But  w’e 
hope  we  hear  of  no  more  like  it.  As  an  arbiter  of 
musical  taste  we  think  an  RC  time  constant  is  a 
very  poor  substitute  for  a  bandleader’s  judgment. 
We  rally  to  the  Olson  standard,  while  there  is  yet 
time. 

►  TALK  .  .  .  The  late  Professor  Kenrick  made  quite 
a  stir  many  years  ago  when  he  devised  a  gadget  for 
attachment  to  a  radio  set  which  would  silence  the 
spoken  word.  It  worked  on  any  break  in  the  modula¬ 
tion,  such  as  occurs  between  words.  Last  month  a 
Reuters  dispatch  from  Johannesburg  revealed  that 
a  South  African  gadgeteer  had  invented  a  similar 
device,  but  with  a  fiendish  twist.  His  gadget  auto¬ 
matically  tunes  in  another  station  when  the  spoken 
word  interrupts  the  program  for  more  than  a  minute. 
Coming  at  a  time  when  competition  has  reared  its 
head  in  the  broadcasting  business  as  never  before, 
this  incident  should  remind  us  all  that  there’s  very 
little  wrong  wdth  the  broadcasting  game  that  less 
talk  (and  better  talk)  wouldn’t  cure. 

►TELEBANK  .  .  .  Firm  in  our  resolve  to  keep  our 
readers  informed  of  new  and  interesting  applications 
of  television  in  the  industrial  and  commercial  fields, 
we  have  to  report  the  Franklin  Square  (Long  Island) 


Bank.  A  television  system  between  the  teller’s  win¬ 
dow  and  the  bookkeeper ’department  provides  quick 
identification  of  check  signatures.  This  saves  the 
depositors’  time,  probably  doesn’t  cost  too  much,  and 
may  stay  in  use  for  some  time.  But  we’d  like  the 
story  much  better  if  it  weren’t  for  the  fact  that  the 
same  bank  has  a  children’s  department  with  a  low 
counter,  and  offers  a  lollipop  to  each  child  making  a 
deposit.  We  understand  they  use  a  miniature  image 
orthicon  at  that  window. 

►  HIGHBROW  . . .  One  of  our  staff,  in  recommending 
against  publication  of*  a  paper  dealing  with  opera¬ 
tional  calculus  (on  the  score  that  few  readers  could 
follow  it),  delivered  himself  of  an  intra-office  opinion 
which  we  think  should  arouse  some  argument.  Our  man 
claimed  that  only  one  percent  of  the  members  of  our 
profession  understand  operational  calculus,  impor¬ 
tant  tool  that  it  is,  well  enough  to  use  it  in  their  work. 
Moreover  he  says,  “Those  in  the  saddle  can  expect  to 
be  displaced  by  young  upstarts  that  come  out  of  col¬ 
lege  knowing  operational  techniques  and  capable  of 
using  them.  Moreover,  the  run-of-mine  engineers  in 
small  companies  cannot  expect  to  compete,  or  enable 
their  companies  to  compete,  with  the  big  operators 
who  can  afford  a  few  of  the  highbrow  boys  to  do  this 
sort  of  stuff.  What  industrial  and  economic  trends 
may  be  caused  by  this  condition  is  anybody’s  guess.” 
If  this  thesis  is  valid,  and  we  think  it  is,  it’s  food  for 
plenty  of  thought.  The  number  of  practicing  engi¬ 
neers  who  can  use  advanced  calculus  and  vector 
analysis  in  the  design  of  circuits  and  antennas  is 
small,  far  too  small  in  relation  to  the  need  for  such 
ability.  Will  the  older,  less  knowing  group  endanger 
their  jobs  or  their  companies’  competitive  position 
by  speaking  in  cycles  and  decibels,  rather  than  in 
Fourier  transforms  and  dels?  Maybe  so.  In  any 
event,  the  future  is  for  the  bright  young  lads.  The 
new  crop  just  graduated,  we  hear,  is  a  very  superior 
grade  of  hombre,  older  than  usual,  more  serious  and 
better  trained. 
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A  MEMORY  TUBE 

Pattern  is  produced,  stored,  and  scanned  on  dielectric  screen  by  electron  beams.  Special 
cathode-ray  tube  can  be  used  to  store  for  protracted  periods  television  pictures,  radar 
indicator  patterns,  oscilloscope  traces,  or  other  information 

By  ANDREW  V. HAEFF 


storage  has  been  experimentally  de¬ 
veloped.  The  tube,  shown  in  Fig.  1, 
can  be  used  for  rapidly  recording 
electrical  signals,  storing  them  for 
any  desired  period,  and  simultane¬ 
ous  multiple  reproduction  of  the  re¬ 
corded  signals.  Specific  applications 
of  this  storage  tube  include  use  in 
simultaneous  multicolor  and  three- 
dimensional  presentation  of  ra^ar 
or  sonar  data,  daylight  viewing, 
automatic  recording  and  reproduc¬ 
ing  electrical  transients,  and  stor¬ 
ing  and  reading  binary  numbers  of 
electronic  digital  computers. 

Storage  of  Charges 

Operation  of  the  tube  is  based 
on  secondary  emission  properties 
of  a  dielectric  target  bombarded  by 
electrons.  Three  electron  beams  of 
different  energies  scan  the  target. 


One  beam  writes  or  paints  the 
stored  image  or  picture,  another 
holds  the  recorded  information,  and 
the  third  reads  or  electrically  re¬ 
produces  the  recorded  information. 

A  pattern  of  charges  deposited 
on  the  surface  of  a  good  insulator 
can  be  retained  for  a  long  period. 
Deterioration  of  the  pattern  or  elec¬ 
trical  picture  finally  occurs  from 
leakage  of  the  charges  over  the  sur¬ 
face  and  through  the  body  of  the 
insulator,  or  due  to  irradiation  of 
the  surface,  either  by  a  corpuscular 
beam  (with  associated  secondary 
emission  effects)  or  by  electromag¬ 
netic  waves  (photoemission  and 
photoconductivity).  Leakage  effects 
can  be  minimized  by  using  a  dielec¬ 
tric  of  extremely  high  resistance. 

If  it  is  desired  to  generate  elec¬ 
trical  signals  which  correspond  to 
the  stored-charge  pattern,  it  is  nec¬ 
essary  to  explore  the  surface  of  the 


dielectric  point  by  point.  This  is 
most  conveniently  done  by  scanning 
the  surface  with  a  focused  electron 
beam.  This  process,  however,  usu¬ 
ally  results  in  a  complete  erasure  of 
the  stored  picture  after  a  few  scans, 
as  is  commonly  observed  in  televi¬ 
sion  pickup  tubes. 

In  the  novel  storage  tube  here  de¬ 
scribed,  the  effect  of  erasure  is 
completely  neutralized  by  constant 
bombardment  of  the  surface  by  a 
stream  of  electrons  of  suitable  en¬ 
ergy,  thereby  continuously  regener¬ 
ating  the  picture.  Thus  the  picture 
can  be  retained  for  any  desired 
period  of  time,  even  though  it  is 
being  continuously  scanned  in  order 
to  obtain  electrical  output. 

A  schematic  representation  of  the 
basic  memory  tube  is  shown  in  Fig. 
2.  The  cathode-ray  type  tube  must 
have  at  least  two  independent 
sources  of  electrons  and  a  suitable 
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Depending  on  relotiTe  tube  toU- 
ogee,  writing  con  be  either  black 
on  white  or  white  on  black 


Uaing  potentiometers  controlled 
b7  position  of  writing  stylus  to 
produce  rertical  and  horisontal 
deflection  signals,  pattern  con  be 
traced  stroke  by  stroke  and  all 
lines  forming  the  writing  or  pic¬ 
ture  are  retoined  by  screen 


dielectric  target  on  which  the 
charge  pattern  can  be  stored.  In 
front  of  the  target  is  a  metal  screen 
or  collector.  The  velocity  of  the  elec¬ 
trons  while  passing  the  screen  and 
approaching  the  target  is  deter¬ 
mined  by.  the  potential  difference 
between  the  screen  and  the  partic¬ 
ular  cathode  from  which  the  elec¬ 
trons  originate  The  electron  beams 
will  be  referred  to  as  the  writing, 
holding  and  reading  beams. 

FuRctioRs  of  Beams 

Writing  is  done  with  a  focused 
beam  of  relatively  high  current 
density.  This  beam  writes  the  de¬ 
sired  electrical  picture  by  being  di¬ 
rected  through  a  deflection  system 
to  different  parts  of  the  target  and 
by  being  modulated  either  in  in¬ 
tensity  or  velocity.  The  elements  of 
the  target  explored  by  the  writing 
beam  either  lose  or  accumulate  elec¬ 


trons  and  thus  assume  a  potential 
different  from  that  of  the  unex¬ 
plored  part  of  the  target  surface. 

The  function  of  the  holding  beam 
is  to  retain  the  painted  picture  for 
a  desired  period  of  time  by  spraying 
the  entire  area  of  the  target  with 
electrons  of  suitable  velocity  and  in 
sufficient  numbers.  This  holding 
can  be  accomplished  either  by  a 
diffused  beam  bombarding  the 
whole  surface  simultaneously  or  by 
a  focused  beam  which  scans  the  sur¬ 
face  in  a  selected  time  sequence. 

The  reading  beam  is  a  focused 
beam  of  constant  intensity  that 
scans  the  dielectric  surface.  In 
bombarding  the  target  surface,  the 
reading  beam  generates  secondary 
emission  current,  the  instantaneous 
magnitude  of  which  depends  upon 
the  potential  of  the  particular  ele¬ 
ment  of  the  target  being  scanned  at 
that  moment. -This  secondary  cur¬ 


rent  is  partially  intercepted  by  the 
metal  screen  in  front  of  the  dielec¬ 
tric  target.  Thus  the  current  flow¬ 
ing  to  this  metal  screen  constitutes 
the  electrical  output  of  the  device. 
The  output  current  is  fed  through  a 
suitable  amplifier  to  the  grid  of  a 
conventional  cathode-ray  indicator 
tube,  the  electron  beam  of  which 
is  made  to  scan  in  the  same  manner 
as  the  reading  beam  of  the  mem¬ 
ory  tube.  The  intensity  modulation 
of  the  scanning  beam  of  the  indica¬ 
tor  tube  is  converted  into  light-in- 
tensity  variation  over  the  surface  of 
the  cathode-ray  screen,  and  thus  the 
electrical  picture  painted  on  the 
surface  of  the  storage  tube  target 
becomes  visible  on  the  face  of  the 
indicator  tube. 

Target  Characteristics 

The  mechanisms  of  writing,  hold¬ 
ing,  and  reading  are  based  on  the 
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secondary-emission  properties  of 
the  target.  Figure  3A  illustrates  a 
typical  characteristic  of  a  dielectric 
surface  under  bombardment  by  elec¬ 
trons.  At  low  primary  energies 
(when  the  incident  velocity  is  less 
than  that  corresponding  to  the  crit¬ 
ical  voltage)  the  net  current  to  the 
target  is  negative,  so  that  the  tar¬ 
get  element  bombarded  by  low  ve¬ 
locity  electrons  tends  to  accumulate 
electrons  and  thus  to  assume  a  more 
negative  potential.  At  the  critital 
voltage,  corresponding  to  unity  sec¬ 
ondary  emission  ratio,  the  net  cur¬ 
rent  to  the  target  is  zero  because  as 
many  electrons  leave  as  arrive.  At 
higher  energies  the  net  current  to 
the  target  is  positive. 

If  the  potential  of  the  collector 
is  below  the  potential  of  the  target 
element,  then,  the  secondary  elec¬ 
trons,  under  the  influence  of  the  re¬ 
tarding  field  of  the  collector,  will  be 
returned  to  the  target  surface.  On 
the  other  hand,  the  secondary  elec¬ 
trons  flow  to  the  collector  where  its 
potential  is  higher  than  the  target 
potential.  The  net  current  to  the 
target  element  as  a  function  of  its 
potential  can  be  represented  as  is 
shown  in  Fig.  3B. 

When  a  stream  of  electrons  is  di¬ 
rected  towards  the  target  surface, 
any  element  of  the  target  which 
has  a  potential  below  critical  value 
tends  to  accumulate  a  negative 
charge  and  will  finally  reach  the 
cathode  potential.  Any  element 
charged  to  a  potential  above  the 
critical  value  will  tend  to  approach 
the  potential  of  the  collector.  Thus 
the  cathode  and  the  collector  poten¬ 
tial  are  two  stable  points  at  which 
the  target  elements  can  maintain 
themselves  under  continuous  bom¬ 
bardment  by  a  stream  of  electrons. 
Any  tendency  to  lose  the  charge, 
due  either  to  leakage  of  the  dielec¬ 
tric  or  to  bombardment  from  other 
sources,  will  be  opposed  by  bom¬ 
bardment  from  the  first  source.  This 
characteristic  is  made  use  of  in  the 
memory  tube  for  maintaining  the 
painted  picture  for  any  desired  pe¬ 
riod  of  time. 


PPI  OR  C^T^CR 
SIGNAL  INPUT  SCAN 

±  i 


RADAR  OR  OTHER 

signal  input 


Hcyjifip. 


/  /  /  .Lstored 
/  /  /  picture 

OUTPUT  /  /  BOUNDARY  Of 

signal  /  /  HOLDING  BEAM 

/'  /  ZIG-ZAG  READING 
/  SCAN  »TTERN 

•r  -  TARGET  EDGE 


LOAD 

RESSTOR 


READING 

SCAN 

VOLTAGE 


PICTURE  REPRODUCED 
ON  CATHOOE-RAYTUBE 


AMPLIFIER 


CONVENTIONAL 
C-R  INDICATOR  TUBE 


FIG.*  2 — ^Memory  tub*  itores  pictur*  which  con  later  b*  reproduced  on  other  cathode- 

ray  tubei 


suitable  phosphor  on  the  target  sur¬ 
face,  it  is  possible  to  observe  the 
electrically  painted  picture  directly 
on  the  target  of  the  storage  tube. 
In  spite  of  the  relatively  low  elec¬ 
tron  velocities  thus  far  employed  in 
tests,  the  picture  can  be  made  suffi¬ 
ciently  bright  with  moderate  cur¬ 
rents  because  the  bombardment  and 
luminescence  take  place  all  of  the 
time. 

Electrical  Output 

For  many  applications  it  is  con¬ 
venient  to  obtain  electrical  signals 
from  the  memory  tube  that  corre¬ 
spond  to  the  stored  picture.  Then 
the  picture  can  be  reproduced  in 
television  fashion  on  the  face  of  any 
number  of  conventional  indicator 
tubes. 

To  obtain  electrical  output  from 
the  memory  tube,  a  third  electron 
beam  is  used.  It  scans  the  surface 
of  the  target  in  television  fashion 
or  in  the  zig-zag  pattern  shown  in 
Fig.  2.  Velocity  of  the  electrons  of 
the  reading  beam  is  relatively  high, 
thus  their  bombardment  of  the  sur¬ 
face  produces  appreciable  second¬ 
ary  emission  current  from  the  tar¬ 
get.  The  reading  beam  is  adjusted 
to  give  maximum  signal  output 
without  disturbing  the  potential 


the  tendency  of  the  holding  beam  to 
maintain  the  potential  distribution 
over  the  target  surface.  As  the 
writing  beam  is  moved  over  the 
surface,  it  leaves  a  trace  which  as¬ 
sumes  collector  potential.  When  the 
target  surface  has  luminescent  ma¬ 
terial  deposited  on  it,  the  positively- 
charged  trace  of  the  writing  beam 
becomes  continuously  visible  under 
bombardment  by  the  holding  beam. 
The  remaining  portions  of  the  tar¬ 
get  remain  dark  because  only  the 
positive  areas  of  the  target  are 
bombarded  by  electrons  of  sufficient 
energy  to  excite  the  phosphor.  This 
process  of  painting  the  electrical 
picture  is  referred  to  as  analogous 
to  writing  with  white  chalk  on  a 
blackboard. 

If  the  cathode  producing  the 
writing  beam  is  maintained  at  a 
potential  below  the  collector  poten¬ 
tial  by  an  amount  less  than  the  criti¬ 
cal  energy,  the  target  elements  un¬ 
der  its  bombardment  tend  to  change 
their  potential  in  the  negative  di- 

_  ^  .  ...  rection.  Thus,  if  the  surface  of  the 

Producing  the  Image  .  ,  •  •  n  u  j  i. 

target  was  originally  charged  to 

To  paint  the  electrical  picture,  the  collector  potential,  the  writing 
the  target  is  scanned  with  a  focused  will  appear  in  the  form  of  dark 
electron  beam  from  a  separate  cath-  lines.  This  painting  is  analogous 
ode  and  at  such  velocity  and  cur-  to  writing  with  a  black  pencil  on 
rent  density  that  it  can  override  white  paper.  Thus  by  the  use  of  a 


Stptembtr,  1947  —  ELECTRONICS 


■;i'  ■ 


distribution  on  the  target  surface, 
which  has  some  areas  at  the  poten¬ 
tial  of  the  collector  and  some  at  the 
potential  of  the  cathode  of  the  hold¬ 
ing  beam. 

This  process  of  reading  is  analo¬ 
gous  to  scanning  the  target  of  a 
monoscope  tube  used  in  television. 
The  net  secondary  current  flowing 
]  from  positive  areas  is  different 

!  from  the  current  flowing  from  neg- 
j  ative  areas  so  that  scanning  of  the 
I  areas  by  the  reading  beam’  pro¬ 
duces  variations  in  current  to  the 
!  collector  electrode.  These  current 

variations  are  converted  into  volt- 
i  age  variations  in  the  load  resistor 
and,  after  suitable  amplification, 

|i  are  used  to  modulate  the  beam  of  a 

i  conventional  indicator  tube,  which 

1;  reproduces  the  picture  in  television 

fashion. 

■  If  the  velocity  of  the  reading 
beam  is  adjusted  to  a  value  required 
for  the  holding  beam,  then  the  con- 
j  tinuously  scanning  reading  beam 

can  perform  the  holding  and  the 
reading  functions  simultaneously. 
For  this  method  of  operation  only 
two  guns  are  needed,  one  for  writ¬ 
ing  and  one  for  holding  and  read¬ 
ing. 

Image  Resolution  and  Stability 

f  High  stability  of  the  image,  and 
:  high  signal  output  were  obtained  by 

.  operating  the  tube  in  either  the 
i  two-beam  or  the  three-beam  mode. 

I  With  writing  beam  currents  of  the 
order  of  microamperes,  and  the 
beam  diameter  of  the  order  of  one 
millimeter,  the  writing  speed  is  of 
the  order  of  several  kilometers  per 
.second.  An  increase  in  current  re¬ 
sults  in  a  corresponding  increase  in 
writing  speed.  Thus  it  is  possible 
to  record  very  fa.st  transients  even 
;  with  moderate  beam  currents. 

The  number  of  discrete  elemen¬ 
tary  areas  which  can  be  resolved  on 
the  storage  tube  target  is  deter¬ 
mined  primarily  by  the  spot  diam¬ 
eter  of  the  writing  beam.  It  is  ex¬ 
pected  that  with  well  focused  beams 
about  10,000  elements  can  be  re¬ 
solved. 

Because  differences  of  potential 
between  positive  and  negative  ele¬ 
ments  of  the  target  are  of  the  order 
of  a  hundred  volts,  corresponding 
differences  in  secondary  emission 
currents  are  quite  high.  Thus,  scan¬ 
ning  the  target  by  the  reading  beam 
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produces  current  variations  of  the 
order  of  the  reading  beam  current 
itself.  With  a  load  resistance  of  the 
order  of  IjOOO  ohms,  a  signal  output 
of  the  order  of  several  millivolts  is 
obtained  with  the  reading-beam  cur¬ 
rent  of  several  microamperes,  so 
that  a  simple  amplifier  of  rather  low 
gain  can  be  used  satisfactorily. 

High  resistivity  of  the  target  ma¬ 
terial  contributes  to  a  very  high 
stability  of  the  electrical  image.  It 
is  possible  to  observe  the  image, 
which  is  continuously  scanned  by 
the  reading  beam,  for  hours  without 
noticeable  deterioration  of  detail. 
This  stable  condition  is  realized 
over  a  considerable  range  of  current 
densities  and  electron  velocities  of 
the  holding  beam.  If  the  potential 
of  the  holding  beam  cathode  exceeds 
the  value  corresponding  to  the  con¬ 
dition  of  stable  operation,  excessive 
potential  gradients  along  the  dielec¬ 
tric  surface,  in  the  regions  of  tran¬ 
sition  from  positive  to  negative 
areas,  result  in  spreading  of  the 
positive  areas  over  the  rest  of  the 
target  surface.  On  the  other  hand, 
when  the  holding  beam  velocity 
approaches  the  critical  value,  the 
positive  areas  tend  to  shrink  and 
the  picture  is  gradually  washed 
away.  Lowering  the  holding  beam 
velocity  below  the  critical  value 
makes  it  possible  to  ei’ase  the  pic¬ 
ture  rapidly.  A  suitable  adjustment 
of  the  holding  beam  velocity  thus 


FIG.  3 — Secondary  emission  phenomena 
gire  the  dielectric  target  its  required 
characteristics 
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makes  it  possible  to  obtain  the  de¬ 
sired  persistence  of  the  image;  in 
other  words  to  control  the  effective 
memory  of  the  device.  Several  other 
methods  of  control  of  memory,  such 
as  pulsing  of  the  holding  beam  in  a 
specified  manner,  also  appear  prom¬ 
ising.  The  adjustable  persistence 
rather  than  infinite  persistence  is 
extremely  useful  for  such  applica¬ 
tions  as  radar  target  presentation 
where  it  is  desirable  to  plot  auto¬ 
matically  the  track  of  the  moving 
target  for- a  specified  time  so  that 
the  length  of  the  track  will  be  pro¬ 
portional  to  the  velocity  of  the  tar¬ 
get.  This  development  thus  presents 
a  promising  solution  of  the  problem 
of  controllable  persistence  which 
has  not  been  solved  by  development 
of  special  phosphors. 

In  studying  the  operation  of  the 
memory  tube  under  different  condi¬ 
tions  it  w'as  observed  that,  in  addi¬ 
tion  to  the  normal  mode  of  opera¬ 
tion  which  is. explained  on  the  basis 
of  the  secondary  emission  charac¬ 
teristics,  it  is  possible  to  operate 
the  tube  under  several  different 
conditions.  This  observation  indi¬ 
cates  the  existence  of  additional 
stable  points  and  a  rather  complex 
nature  of  the  secondary  emission 
characteristic. 

Other  interesting  effects,  such 
as  geseration  of  charge  waves  prop¬ 
agating  over  the  surface  of  the  tar¬ 
get  at  rather  low  speeds,  appear¬ 
ance  of  scintillations  or  brightly 
lighted  spots  apparently  associated 
with  ion  bombardment,  and  other 
effects,  were  observed  in  connection 
with  this  study.  Their  description 
lies  beyond  the  scope  of  this  paper 
but  their  mention  is  intended  to 
stimulate  interest  in  the  use  of  the 
memory-tube  technique  for  general 
studies  of  the  secondary  emission 
and  other  properties  of  dielectrics. 

The  author  takes  this  opportunity 
to  express  his  appreciation  of  the 
many  contributions  of  his  col¬ 
leagues  and  assistants  in  this  proj¬ 
ect,  Mr.  F.  H.  Harris  and  Dr.  S.  T. 
Smith,  who  by  their  enthusiasm,  re¬ 
sourcefulness  and  industry  helped 
to  achieve  the  successful  solution 
of  many  difficult  problems  which 
were  encountered  in  the  course  of 
this  study,  and  to  thank  the  other 
members  of  the  Laboratory  who 
gave  their  whole-hearted  coopera¬ 
tion  in  this  project. 
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A  New  Television 
PROJECTION  SYSTEM 

Combination  of  a  Schmidt  optical  system,  a  new  phosphor,  directional  viewing  screen, 
keystone  projection,  and  ingenious  cabinet  arrangement  produces  a  15  by  20-inch  pic- 
*  ture  of  exceptional  brightness  and  contrast 

By  WILLIAM  E.  BRADLEY  and  ERNEST  TRAUB 

Director  oj  Research  Project  Engineer 

Research  Division,  Philco  Corporation 
Philadelphia,  Pennsylvania 


Early  this  year,  members  of  the 
Federal  Communications  Com¬ 
mission'  saw  a  developmental  model 
of  a  new  television  receiver,  pro¬ 
ducing  a  projected  picture  of  un¬ 
usual  brightness  and  contrast,  and 
having  great  resistance  to  the 
effects  of  external  light.  This  re¬ 
ceiver,  developed  by  Philco  Corpora¬ 
tion  engineers,  has  now  reached  the 
production  stage  and  was  an¬ 
nounced  to  the  trade  in  June  as 
model  2500. 

The  receiver  produces  a  picture  15 
by  20  inches  in  size,  of  excellent 
brightness  and  contrast.  The  area 
contrast  of  the  picture  is  approxi¬ 
mately  70  to  one,  and  the  picture 
may  be  viewed  without  loss  of  con¬ 
trast  in  an  ambient  light  level  of 
well  over  100  footcandles  (such  as 


is  produced  in  a  living  room  by  di¬ 
rect  sunlight  through  several  un¬ 
shuttered  windows).  This  excep¬ 
tional  performance  is  made  possible 
by  a  new  projection  technique  de¬ 
scribed  in  this  paper. 

The  elements  of  the  projection 
system  are  shown  in  Fig.  1,  which 
represents  a  side  view  of  the  cabi¬ 
net.  The  4-inch  projection  tube  pro¬ 
duces  on  its  screen  an  image,  about 
2i  by  3  inches  in  size,  with  a  high¬ 
light  brilliance  of  about  2,000  foot- 
lamberts  (aluminum-backed  tube). 
The  light  is  collected  by  the  front- 
surface  spherical  mirror  which 
reflects  it  through  the  correc¬ 
tion  lens.  This  lens  removes  the 
spherical  aberration  introduced  by 
the  mirror  and  passes  the  cor¬ 
rected  image  to  the  front-surface 


mirror  on  the  inner  surface  of 
the  cabinet.  This  in  turn  reflects 
the  image  to  the  under  side  of  the 
cabinet  lid,  which  is  covered  with 
a  directional  viewing  screen  of  un¬ 
usual  construction. 

The  screen  confines  the  major 
portion  of  the  light,  reflected  for¬ 
ward  to  the  audience,  to  a  solid 
angle  60  degrees  wide  by  20  degrees 
high.  This  beam-projection  system 
introduces  an  optical  gain  of  some 
10  times  relative  to  a  perfectly  dif¬ 
fusing  screen,  with  corresponding 
increase  in  brightness.  Great  care 
has  been  taken  in  the  cooperative 
design  of  the  optical  system,  includ¬ 
ing  the  screen,  to  eliminate  the  for¬ 
mation  of  a  dark  central  zone  in  the 
viewing  area,  from  which  the 
picture  cannot  be  viewed  properly. 
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Rear  riew  oi  Philco  model  2500  proiecHon  receiTer.  with  apherical  mirror  removed  from  housing  (lower  left). 

tunes  eight  stations,  contains  29  tubes 


This  zone  has  been  one  of  the  prin¬ 
cipal  objections  to  systems  employ¬ 
ing  a  directional  screen  and  a  cen¬ 
trally  vignetted  light  source.  The 
screen  is  also  designed  to  reflect  a 
negligible  amount  of  light  which 
may  fall  on  it  from  the  surround¬ 
ings,  so  the  contrast  of  the  image 
is  preserved  even  in  a  brightly- 
lighted  room. 

Inspection  of  Fig.  1  shows  that 
the  optical  distance  from  the 
screen  of  the  c-r  tube  to  the 
top  of  the  viewing  screen  is  some¬ 
what  greater  than  the  correspond¬ 
ing  distance  from  the  tube  to  the 
bottom  of  the  screen.  Thus,  if  the 
image  on  the  face  of  the  c-r  tube 
were  rectangular,  the  image  viewed 
on  the  screen  would  be  wider  at  the 
top  than  at  the  bottom.  To  correct 


this  geometric  distortion,  a  com¬ 
pensating  geometric  distortion  of 
the  image  is  produced  on  the  c-r 
tube.  This  system,  as  described 
later,  employs  fixed  magnetic  de¬ 
flection  elements  near  the  c-r  tube, 
and  does  not  involve  any  modifica¬ 
tion  of  the  deflection  circuits,  which 
are  those  that  would  produce  a  con¬ 
ventional  rectangular  pattern.  In 
addition,  compensating  corrections 
of  the  optical  system  need  to  be 
incorporated. 

Datailt  of  System 

Details  of  the  elements  of  the 
projection  system  (projection  tube, 
Schmidt  system,  viewing  screen  and 
keystone  projection  system)  are 
described  below. 

The  projection  tube  screen  has 


a  four-inch  diameter  face,  and  a 
radius  of  curvature  of  5.75  inches, 
with  a  thickness  of  0.125  inch.  The 
tube  operates  at  20  kilovolts.  It 
employs  a  new  phosphor  which  pro¬ 
duces  a  truly  black  and  white  pic¬ 
ture  when  operated  at  the  correct 
anode  voltage.  Moreover,  the  color 
of  the  fluorescence  is  independ¬ 
ent  of  beam  current,  so  the  picture 
does  not  display  the  characteristic 
yellow'  tinge  in  the  highlights,  typi¬ 
cal  of  earlier  projection  tubes. 
Screens  both  with  and  without  alu¬ 
minum  backing  have  been  produced. 
The  aluminum-backed  tube  gives 
greater  brightness  and  contrast  at 
the  20-kilovolt  level,  and  is  now 
being  used  in  production. 

The  electron  gun  of  the  tube  op¬ 
erates  with  an  average  beam  cur- 
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Chassis  of  the  projection  receiTer,  showing  the  rotary  mechanism  of  the  station 
selector  (top,  left).  The  receiTer  contains  29  tubes 


rent  of  80  microamperes,  with  600 
microamperes  peak  in  the  high¬ 
lights.  It  requires  a  swing  of  ap¬ 
proximately  80  volts.  The  beam 
cuts  off  at  —100  volts  ±30  volts. 

Wide  Aperture  Optics 

The  dimensions  of  the  modified 
Schmidt  projection  system  are 
shown  in  Fig.  2,  arranged  in  the 
conventional  rectilinear  form.  The 
action  of  the  correction  lens  can  be 
seen  from  Fig.  3  and  4.  The  point 
O,  on  the  surface  of  the  c-r  tube 
screen  emits  light  along  the  typical 
rays  1,  2  and  3.  After  reflection 
from  the  spherical  mirror  these 
rays  follow  the  paths  1',  2'  and  3', 
If  these  rays  continued  without  cor¬ 
rection  they  would  impinge  on  the 
optic  axis  at  widely  differing  points 
A,  B,  and  C.  Consequently  at  the 
image  plane  I  the  point  object  0 
would  be  reproduced  as  a  circle  of 
light.  This  defocusing,  an  effect 
known  as  spherical  aberration,  can 
be  removed  by  the  correcting  lens. 

The  correcting  lens  is  so  fonned 
and  positioned  that  a  reference  ray. 


say  number  2,  passes  through  it 
undeflected,  reaching  the  optic  axis 
at  the  image  plane  I.  A  ray  closer 
to  the  axis,  say  number  1,  passes 
through  a  portion  of  the  correcting 
lens  having  positive  curvature  and 
so  is  bent  toward  the  axis  along  the 
path  1",  falling  on  the  axis  at  I. 
Another  ray,  say  number  3,  further 
from  the  axis,  passes  through  a 
portion  of  the  correcting  lens  hav¬ 
ing  negative  curvature  and  so  is 
bent  outward  along  ray  3",  reaching 
the  axis  also  at  I.  Hence  all  rays 
starting  at  the  point  0  come  to 
focus  at  the  same  point  I.  If  other 
points  of  the  c-r  tube  screen  are 
arranged  along  a  curved  surface, 
as  in  Fig.  1,  the  resulting  image 
lies  in  a  flat  surface.  Theoretically 
the  surface  of  the  c-r  tube  screen 
should  be  an  ellipsoid,  but  in  prac¬ 
tice  a  spherical  surface  suffices. 

The  correcting  lens  may  intro¬ 
duce  other  aberrations  of  its  own, 
but  by  using  a  lens  of  low  power, 
the  aberrations  may  be  kept  negli¬ 
gibly  small.  It  must  be  remembered 
that  the  525-line  television  image  is. 


in  itself,  rather  coarse-grained  com¬ 
pared  to  the  images  usually  met  in 
projection  systems,  so  that  the  al¬ 
lowable  defocusing  and  other  aber¬ 
rations  in  the  projection  system  are 
greater  than  they  would  be  if  the 
image  had  finer  detail. 

Calculations  show  that  the  radius 
of  curvature  of  the  c-r  tube  screen 
should  generally  be  0.53  times  the 
radius  of  the  mirror.  In  the  Philco 
system,  these  radii  are  11  and  5.75 
inches  respectively.  The  throw  of 
the  system  (distance  from  the  cor¬ 
recting  lens  to  the  viewing  screen) 
is  33.5  inches.  The  Schmidt  sys¬ 
tem  is  one  which  must  be  designed 
for  a  particular  value  of  magnifica¬ 
tion.  • 

The  efficiency  of  the  optical  sys¬ 
tem  is  here  defined  as  the  fraction 
of  the  total  light  flux  emitted  by  an 
element  of  the  c-r  screen  at  the 
center,  which  the  optical  system  ac¬ 
cepts  and  focuses  on  the  correspond¬ 
ing  point  of  the  image.  The  effi¬ 
ciency  is  equal  to  sin*M,  where  u  is 
the  semi-apex  angle  shown  in  Fig. 
3.  The  corresponding  f/number 
of  the  lens  is  1/(2  sin  u).  The 
f/number  of  the  system  must  be 
used  with  caution,  however,  in  com¬ 
paring  the  system  with  a  lens,  since 
a  portion  of  the  center  of  the  spher¬ 
ical  mirror  is  masked  off  (actually 
painted  black  to  reduce  halation) 
because  light  reflected  from  this  re¬ 
gion  is  blocked  by  the  c-r  tube. 

In  this  particular  system  the  effi¬ 
ciency  is  about  30  percent,  taking 
into  account  the  central  masking. 
The  corresponding  f/number  is 
f/0.8  and  the  linear  magnification 
6.7  times.  The  actual  dimensions 
of  the  c-r  tube  image  are  2-1/16 


Projection  mechanism 
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inches  high  by  2-9/16  inches  wide 
at  the  top  and  2-31/32  inches  wide 
at  the  bottom.  When  magnified  by  a 
mean  value  of  6.7,  these  dimensions 
become  15  by  20  inches,  as  viewed 
by  the  audience  on  the  screen. 

Keystone  Correction 

The  relative  positions  of  the  vari¬ 
ous  parts  of  the  system  are  shown 
on  Fig.  4.  To  produce  proper  focus 
over  the  area  of  the  image,  the  tube 
axis  is  placed  at  an  angle  3  to  the 
optic  axis,  such  that  tan  3  =  wt  tan 
a  where  *  is  the  angle  shown  in  Fig. 
4.  and  m  is  the  reciprocal  of  the 
magnification.  In  the  Philco  sys¬ 
tem,  a  is  24®30',  3  is  3°64'  and  m 
is  1  6.7. 

As  previously  mentioned,  when 
the  projection  system  is  placed  in 
the  cabinet  as  in  Fig.  1  the  unequal 
distances  between  top  and  bottom  of 
the  viewing  screen  and  the  c-r  tube 
produce  geometrical  distortion.  To 
correct  the  distortion,  the  scanning 
pattern  on  the  screen  of  the  c-r 
tube  must  have  a  trapezoidal  shape, 
as  shown  in  Fig.  5.  This  shape 
might  be  introduced  by  modulating 


the  amplitude  of  the  horizonal  scan¬ 
ning  wave  (this  is  the  technique 
used  in  conventional  iconoscope 
cameras),  but  a  simpler  system  was 
devised  using  magnetic  pole  pieces 
at  the  edges  of  the  c-r  tube  screen. 
The  arrangement  is  shown  in  Fig.  6. 
Two  bar  magnets  are  fixed  to  op¬ 
posite  sides  of  the  tube.  Two  pole 
pieces  A  produce  lines  of  flux 
across  the  tube,  just  inside  the 
screen.  These  lines  are  ‘essen¬ 
tially  straight  and  parallel,  ^hey 
cause  the  scanning  beam  to  be 
deflected  sharply  upward  just  be¬ 
fore  it  hits  the  phosphor.  Conse¬ 
quently  the  scanning  pattern  is  laid 
down  on  the  phosphor  at  an  angle 
and  its  shape,  when  projected  on 
the  tube  face,  is  trapezoidal. 

The  sharp  deflection  imposed  on 
the  scanning  pattern  causes  the 
pattern  to  fall  on  the  screen  in 
an  off-center  position.  This  is  cor¬ 
rected  by  a  supplementary  mag¬ 
netic  field,  produced  by  the  fring¬ 
ing  field  between  the  “point”  poles 
B  at  the  opposite  ends  of  each  mag¬ 
net.  The  flux  lines  of  this  field 
are  curved,  and  they  are  opposite 


FIG.  5 — Proi«ctioii  oi  a  trapcxoid  at  an 
angle  produces  a  rectangular  image,  cor* 
reeling  keystone  distortion  introduced  by 
folded  geometry  oi  projection  system 


MAGNET 


FIG.  6 — Bar  magnets  and  pole  pieces  ior 
producing  trapesoidal  pattern  on  c-r  tube 
screen 


in  direction  to,  as  well  as  weaker 
than  the  lines  produced  by  the 
pole  pieces  A.  Each  field  pro¬ 
duces  curvature  and  displacement 
in  addition  to  the  keystoning.  By 
adjusting  the  angle  of  each  bar 
magnet,  the  curvature  and  dis¬ 
placement  are  cancelled,  while  the 
necessary  amount  of  the  keystone 
correction  remains. 

Independent  adjustments  of  the 
position  of  the  cathode-ray  tube  are 
provided  axially  and  about  two 
axes  perpendicular  to  the  optic 
axis.  These  adjustments  permit 
sharp  focus  to  be  obtained  within 
the  range  of  magnifications  for 
which  the  optical  system  is  de¬ 
signed. 


FIG.  3 — Correciion  oi  spherical  aberration  caused  by  spherical  mirror 


Viewing  Screen 

The  high  brightness  and  contrast 
of  the  image  are  accounted  for  by 
the  viewing  screen  on  which  the  im¬ 
age  is  projected,  and  its  inclination. 
Conventional  viewing  screens,  such 
as  are  employed  in  motion  picture 
houses,  are  non-directional,  that  is 
they  reflect  an  equal  amount  of 
light  flux  in  all  directions.  Such 
screens  are  suitable  if  the  incident 
light  is  very  bright,  and  if  it  is 


33.5  INCHES 


VIEWING 

SCREEN; 


Plane  mirror 


FIG.  4 — Goomatry  oi  projoction  syitom  when  plane  mirror  is  introduced  to  permit 
*  installotion  os  in  Fig.  1 
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FIG.  9 — Dimensiona  of  tho  projoction  lyatom,  aa  Tiowod  from  aid*  of  cobiaoC  Load- 
apoakor  ia  locotod  cloao  to  contor  of  imaqo.  addin9  to  raoliam 


Phileo  system  is  not  equal  in  both 
coordinate  directions,  the  dark  spot 
is  not  circular.  It  is,  rather,  elon- 
j^ted  horixontally  throughout  the 
width  of  the  viewing  area,  and  it 
possesses  appreciable  illumination, 
although  distinctly  less  than  the 
top  and  bottom  areas. 

This  rather  serious  defect  of  the 
system  has  been  overcome  by  cover¬ 
ing  the  viewing  screen  with  many 
millions  of  lens-like  hemispherical 
droplets,  each  of  which  redistrib¬ 
utes  the  light  falling  on  it  through¬ 
out  a  narrow  predetermined  angle. 
The  angle,  by  suitable  choice  of  the 
size  and  refractive  index  of  the 
droplets,  causes  each  elemental  re¬ 
flection  to  spread  out  so  that  it 
reaches  the  central  region  of  the 
screen,  which  would  otherwise  re¬ 
main  under-illuminated.  The  drop¬ 
lets  thus  diffuse  the  light,  but  by 
an  amount  small  compared  with 
that  produced  by  the  vertical 
grooves.  Hence  the  tendency  to  in¬ 
crease  the  width  of  the  beam  in  the 
horizontal  direction  is  negligible. 

The  droplets  are  formed  by  ap¬ 
plying  a  lacquer,  of  proper  index  of 
refraction,  in  a  fine  mist-like  spray. 
To  keep  each  droplet  distinct  and 
separate  from  its  neighbors,  several 
incomplete  sprayings  are  applied, 
with  time  between  each  to  permit 
drying.  Hence  one  set  of  droplets 
does  not  coalesce  to  those  previously 
applied. 

Cabinet  and  Chastii 

A  side  view  of  the  chassis  with 
principal  dimensions  is  shown  in 
Fig.  9.  One  important  item  in  the 
arrangement  is  the  loudspeaker, 
which  is  so  positioned  with  respect 


to  the  viewing  screen  that  sound 
reflected  from  it  appears  to  emerge 
directly  from  the  center  of  the 
screen.  This  assists  materially  in 
creating  the  illusion  of  reality.  To 
maintain  the  elements  of  the  opti¬ 
cal  system  in  proper  relation,  it  is 
essential  that  the  lid  of  the  cabinet 
be  raised  to  the  precise  angle  of 
proper  inclination  and  remain  in 
that  position  rigidly.  This  is  ac¬ 


complished  by  a  rugged  spring- 
loadM  elevating  mechanism  with  a 
positive  stop. 

The  electrical  system  of  the  re¬ 
ceiver  includes  29  tubes,  five  of 
which  are  rectifiers.  Five  manual 
controls  are  provided,  for  station 
selection,  contrast,  brightness,  vol¬ 
ume,  and  tone.  Provision  is  made 
for  eight  r-f  channels,  installed  at 
the  factory  to  meet  the  particular 
situation  in  each  major  market.  The 
i-f  bandpass  is  approximately  4.0 
me,  and  the  sensitivity  is  approxi¬ 
mately  100  microvolts  for  a  solidly 
synchronized  picture.  Automatic 
gain  control  is  provided  in  the  pic¬ 
ture  circuit.  One  unusual  electrical 
feature  is  a  stabilized  synchroniza¬ 
tion  circuit  which,  in  addition  to 
maintaining  sync  in  high  noise 
level,  eliminates  nonlinear  scanning 
and  defocusing  of  the  beam. 
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FIG.  8 — Rousseau  and  angular  diagrams  oi  the  directional  pattern  of  Phileo  view¬ 
ing  screen 
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QoMup  Ti*w  ol  turret  awitching  arrange¬ 
ment  used  for  atotion  aelection  in  the  re- 

cmiTer 


required  to  supply  equal  brightness 
to  all  viewers  regardless  of  their 
position  relative  to  the  screen.  But 
since  television  receivers  must  often 
be  operated  in  brightly-lighted 
rooms,  it  is  important  to  conserve 
light.  This  can  be  done  by  impart¬ 
ing  a  directional  characteristic  to 
the  viewing  screen. 

f  Light  Distribatioii 

A  typical  Rousseau  diagram  of  a 
directional  screen  is  shown  in  Fig. 
7,  together  with  the  light  distribu¬ 
tion  as  a  function  of  the  angle. 
This  ideal  screen  radiates  equal  flux 
within  a  20-degree  vertical  angle 
and  a  60-degree  horizontal  angle. 
The  reflected  picture  is  invisible 
outside  these  limits,  but  is  equally 
bright  wherever  viewed  within 
them. 

The  choice  of  the  angular  dimen¬ 
sions  of  this  ideal  screen  is  based  on 
statistical  studies  of  Professor 
Hooton  of  Harvard  University  car¬ 
ried  out  for  the  Army  Air  Forces. 
In  this  study  the  anatomical  sta¬ 
tistics  of  male  and  female  pilots 
were  studied  to  determine  their 
seated  heights.  This  information, 
combined  with  tests  to  determine 
the  optimum  height  of  a  television 
viewing  screen  above  the  floor,  leads 
to  the  conclusions  that  the  viewing 
space  can  be  compressed  to  a  20  by 
60-degree  solid  angle.  If  all  the 
light  impinging  on  a  screen  is  re¬ 
flected  in  such  a  pattern,  the  image 


will  be  17.2  times  as  bright  as  if 
reflected  from  a  perfectly  diffusing, 
nondirectional  surface. 

Since  the  desired  beam  is  wider 
than  it  is  high,  it  is  not  possible  to 
use  symmetrical  optical  elements, 
such  as  small  glass  beads,  to  produce 
the  beam.  The  asymmetrical  na¬ 
ture  of  the  pattern  also  makes  it 
possible  to  introduce  another  im¬ 
portant  property,  namely  to  reduce 
the  susceptibility  to  the  effects  of 
external  light.  Light  entering  the 
system  from  sources  outside  the  re¬ 
flected  beam  is  not  reflected  back  to 
the  audience,  and  the  picture  thus 
retains  its  contrast  even  when 
viewed  in  a  high  ambient  illumina¬ 
tion. 

The  actual  directional  character¬ 
istic  of  the  Philco  screen  is  shown 
in  Fig.  8.  The  major  portion  of 
the  illumination,  as  shown  in  the 
Rousseau  diagram  at  the  left,  is 
contained  within  plus  or  minus  10 
degrees  vertically  and  30  degrees 
horizontally,  producing  an  overall 
projected  beam  20  degrees  high  by 
60  degrees  wide.  The  illumination 
drops  substantially  to  zero  at  plus 
or  minus  16  degrees  vertically  and 
plus  or  minus  60  degrees  horizon¬ 
tally.  Tests  with  this  distribution 
have  shown  it  to  be  thoroughly  ade¬ 
quate  for  living-room  use. 

CeastraetioR  of  Screen 

The  screen  consists  of  a  curved 
sheet  of  metal,  formed  as  a  section 
of  a  cylinder  of  60  inches  radius. 
This  is  fitted  under  the  lid  of 
the  cabinet  with  the  axis  of  the 
cylinder  horizontal.  On  the  surface 
of  the  screen  are  many  thousands 
of  vertical  grooves.  These  grooves 


have  a  random  distribution  of 
sizes  and  cross-sections,  but  the 
net  result  is  as  if  they  had  cross- 
sections  in  the  shape  of  minor  arcs 
of  circles.  The  curvature  of  the 
surface  tends  to  confine  the  reflected 
light  into  a  narrow  beam,  measured 
vertically,  while  the  grooves  tend 
to  spread  the  light  over  a  horizontal 
sector  measuring  some  60  degrees. 
The  radius  of  curvature  of  the  sur¬ 
face  is  twice  the  product  of  the  pro¬ 
jection  throw  and  the  viewing  dis¬ 
tance,  divided  by  the  sum  of  these 
distances. 

One  objection  to  the  use  of  such 
a  reflecting  surface,  when  an  ordi¬ 
nary  lens  system  is  used,  is  that  the 
beam  is  confined  excessively  in 
height.  When  a  Schmidt  optical 
system  is  used,  the  light  spreads 
through  a  wider  vertical  angle,  but 
another  difficulty  arises.  This  is  the 
formation  of  a  dark  spot  at  the  cen¬ 
ter  of  the  screen,  due  to  the  fact  that 
the  effective  light  source  is  a  cor¬ 
rection  lens  of  annular  shape  (no 
light  comes  from  the  center  of  the 
source).  Although  each  point  of 
the  correction  lens  illuminates  the 
whole  viewing  screen,  the  relative 
directions  and  angles  of  the  rays 
from  correction  lens  to  screen  are 
such  that  each  elemental  area  of 
the  picture  is  lacking  in  rays  di¬ 
rected  toward  the  central  zone  of 
the  viewing  area.  Hence  if  one 
views  the  screen  from  a  point  on 
the  optic  axis  the  picture  appears 
dark,  with  somewhat  greater  illu¬ 
mination  toward  the  edges.  If  the 
picture  is  viewed  at  a  point  suffi¬ 
ciently  removed  from  the  optic  axis, 
it  appears  uniformly  illuminated. 
Since  the  optical  power  of  the 


FIG.  7 — Rousseau  diagram  (leh)  and  angular  distribution  of  ideal  beam-proiection 
directional  yiewing  system,  haring  a  gain  of  17.2  oref  a  perfect  diffusing  surface 
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FIG.  1 — Mschanical  arrangement  of  photoelectric  aptitude  tester  for  sewing  machine  operators 


FIG.  2 — Circuit  of  photoelectric  amplifier  used  to  start  electric  stop  clock  when  phototube  goes  off  moving  line,  and  stop  clock  when 

phototube  is  on  the  line 


The  wavy  line,  approximately  15 
feet  long,  is  drawn  in  India  ink  on 
a  strip  of  paper  which  can  be  rolled 
from  one  roller  to  another.  The 
pointer  is  in  the  form  of  a  hollow 
cone  with  a  hole  at  its  apex  and  en¬ 
closes  a  phototube.  A  lamp  placed 
behind  the  paper  strip  shines 
through  this  hole  except  when  the 
hole  is  just  over  the  India  ink  line. 
The  response  of  the  phototube  to 
the  light  operates  a  relay  through 
an  amplifying  system,  switching 
on  the  electric  stop  clock  to  record 


the  amount  of  time  the  pointer  was 
off  the  line. 

Mechanical  Details 

Details  of  the  mounting  and  drive 
for  the  two  paper  drums  are  shown 
in  Fig.  1.  The  main  frame  consists 
of  two  end  plates  with  a  flat  top  and 
a  60-degree  front  panel  all  mounted 
on  a  wood  baseboard.  Between  the 
end  plates  two  half-inch  steel  shafts 
are  mounted,  each  carrying  a  brass 
drum  inches  in  diameter  and 
3i  inches  long  with  i-inch  flanges. 


Drum  A  is  keyed  to  its  shaft,  which 
is  driven  by  a  motor,  while  drum  B 
rotates  freely  on  the  upper  shaft. 

Each  shaft  carries  a  sprocket  on 
the  left-hand  side  of  the  drum,  the 
sprockets  being  joined  by  a  chain 
drive.  Whereas  sprocket  AA  is 
firmly  attached  to  the  left-hand  end 
of  drum  A,  sprocket  BB  is  freely 
mounted  on  a  bushing  projecting 
from  drum  B.  A  spiral  spring  is 
anchored  to  an  extension  of  the 
bushing  beyond  the  sprocket,  and 
after  taking  several  turns  round  the 
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Operator  at  loft  moTOs  phototube  along  horizontal  roil  with  hands  to  keep  it  orer  moring  line,  while  controlling  motor  speed  with 
foot  pedal  so  as  to  run  paper  from  one  drum  onto  the  other  os  fast  as  possible.  Total  time  taken  for  a  test  is  clocked  by  observer 


Operator  attempts  to  keep  phototube  aimed  at  wavy  black  line  while  controlling  speed  of 
paper  strip  with  foot  pedal.  Total  time  that  phototube  is  off  the  line  is  correlated  with 
time  taken  for  test  to  find  aptitude  for  operating  sewing  machine 
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IN  the  science  of  aptitude  testing, 
many  devices  have  been  evolved 
to  measure  ability  of  a  subject  to 
perform  one  or  more  operations  in¬ 
volving  a  straight  eye  and  steady 
hand.  Every  new  research  project 
involves  the  planning  of  one  or 
more  of  these  devices  and  adds  to 
the  stock  of  current  psychological 
apparatus.  The  South  African  Na¬ 
tional  Bureau  for  Personnel  Re¬ 
search  and  the  South  African  Na¬ 
tional  Physical  Laboratory  recently 
co-operated  in  planning  a  set  of  ap¬ 


titude  tests,  for  one  of  which  it  was 
necessary  to  test  the  ability  of  a 
garment  worker  in  handling  a  sew¬ 
ing  machine.  It  was  decided  to  use 
electronic  methods,  and  the  machine 
which  was  evolved  is  described. 

General  Description 

In  this  hand-foot  co-ordination 
machine,  a  wavy  line  is  moved  to¬ 
wards  the  subject  at  a  speed  which 
can  be  controlled  by  the  subject 
with  a  foot  pedal.  The  subject  en¬ 
deavors  to  keep  a  pointer  in  contact 


with  this  line,  and  a  clock  auto¬ 
matically  records  all  those  intervals 
of  time  when  the  pointer  fails  to 
make  contact  with  the  line.  When 
the  line  is  comparatively  straight 
the  subject  can  speed  up  its  move¬ 
ment  but  when  there  are  sharp 
changes  of  direction  the  speed  needs 
to  be  reduced.  The  time  of  the 
whole  experiment,  taken  in  conjunc¬ 
tion  with  the  total  time  during 
which  the  pointer  was  off  the  line, 
indicates  the  aptitude  of  the  sub¬ 
ject  for  machine  sewing. 


bushing  is  fastened  to  a  pin  project¬ 
ing  from  the  sprocket.  This  spring 
keeps  the  paper  strip  tightly  and 
uniformly  stretched  between  the 
two  drums  and  compensates  for 
slight  variations  in  diameter  as  the 
paper  is  wound  off  one  drum  and 
onto  the  other. 

As  thp  two  drums  rotate  together 
through  the  chain  drive,  more  paper 
comes  off  the  full  upper  drum  than 
goes  onto  the  empty  lower  drum. 
The  spiral  spring  is  able  to  unwind, 
thus  taking  up  the  slack  in  the 
per  and  keeping  it  stretched.  When 
more  than  half  the  paper  has  been 
transferred  to  the  lower  drum  the 
reverse  happens  and  the  spiral 
spring  is  wound  up  again. 

The  motor  shaft  is  at  right  an¬ 
gles  to  the  driven  shaft  and  carries 
a  large  smooth-faced  friction  plate. 
The  driven  shaft  carries  a  small 
rubber-rimmed  wheel  which  can 
slide  on  the  shaft  on  a  keyway.  A 
spring  forces  the  friction  plate 
against  the  small  wheel,  which  can 
be  moved  up  and  down  its  shaft  by 
a  Bowden  cable  leading  to  a  foot 
pedal  on  the  floor.  Thus  continu¬ 
ously  variable  speeds  are  possible 
from  zero,  when  the  small  wheel 
contacts  the  center  of  the  friction 
plate,  to  a  maximum  when  it  is 
pulled  out  to  the  edge  of  the  plate. 
The  motor  is  a  synchronous  type  so 
as  to  give  accurately  reproducible 
speed.s  for  given  positions  of  the 
foot  pedal. 

The  phototube  is  mounted  in  a 
small  metal  box  provided  with  a 
conical  extension  in  front,  which 
projects  down  until  it  almost 
touches  the  paper,  and  has  a  fine 
hole  bored  in  it  through  which  the 
light  from  the  lamp  behind  the  pa¬ 
per  can  reach  the  tube.  The  box 
slides  on  a  pair  of  horizontal  guide 
rods,  and  is  provided  with  a  suitable 
handle  so  that  the  subject  under 
test  may  follow  the  movements  of 
the  ink  line  from  side  to  side. 

The  output  of  the  phototube 
passes  to  an  amplifier  located  at 
the  back  of  the  apparatus.  An  elec¬ 
tric  stop  clock  cable  is  arranged  to 
plug  into  this  amplifier  with  a  tele¬ 
phone  jack.  The  sloping  front  panel 
has  a  window  5  inches  long  and  3 
inches  wide  through  which  the  pa¬ 
per  can  be  seen.  Behind  the  paper 
at  this  point  is  a  metal  gate  with  a 
well-fitted  glass  window  to  keep  the 


paper  in  a  uniform  plane  close  to 
the  nose  of  the  phototube  box. 

Limit  switches  prevent  the  sub¬ 
ject  from  keeping  the  drums  turn¬ 
ing  at  the  end  of  a  test  and  wind¬ 
ing  the  paper  completely  off  the 
upper  drum.  The  lowest  shaft  is 
threaded  and  carries  a  nut  with  a 
pin  projecting  from  it  and  able  to 
slide  in  a  horizontal  slit  milled  in  a 
br^s  plate  which  is  held  parallel  to 
the  shaft.  As  the  shaft  rotates  in 
the  nut,  the  pin  moves  along  the 
shaft,  eventually  striking  one  of  the 
pair  of  limit  switches.  This  switch 
reverses  the  motor  and  winds  the 
paper  back  onto  the  upper  drum. 
When  the  starting  point  on  the  pa¬ 
per  is  reached  the  nut  and  pin 
strike  the  second  limit  switch, 
which  opens  the  main  circuit  and 
stops  the  motor,  leaving  the  ma¬ 
chine  ready  for  the- next  test. 

In  order  to  shorten  the  time 
taken  for  the  run  back,  a  lever  is 
provided  at  the  right  hand  side  of 
the  machine.  This  can  be  operated 
by  the  tester,  pulling  the  gear 
change  cable  much  farther  than  is 
possible  with  the  foot  pedal  and  so 
increasing  the  paper  speed  by  50 
percent. 


ElectricQl  CircMits 

It  was  decided  that  a  line  ^  inch 
to  i  inch  wide  would  be  representa¬ 
tive  of  the  markings  used  on  tailor¬ 
ing  material  in  practice,  and  that  a 
movement  of  about  A  inch  off  the 
line  should  be  sufficient  to  set  the 
stop  clock  going.  Therefore,  a  hole 
not  larger  than  tV  inch  diameter 
was  the  largest  that  could  be  used 
to  admit  light  to  the  phototube. 
This  called  for  several  stages  of  am¬ 
plification  before  the  signal  ob¬ 
tained  from  the  phototube  could  ac¬ 
tuate  a  relay.  Furthermore,  as  a 
d-c  amplifier  is  necessarily  an  elab¬ 
orate  piece  of  equipment,  the  out¬ 
put  from  the  phototube  should  pref¬ 
erably  be  a-c  which  <:an  be 
amplified  by  a  conventional  ampli¬ 
fier. 

For  illuminating  the  paper  strip 
an  ordinary  230-volt,  15-watt  lamp 
was  placed  at  the  back  of  the  paper 
and  supplied  from  the  50-cycle 
mains  via  a  half-wave  rectifier.  In 
this  way  the  lamp  received  current 
on  alternate  half  cycles  only  and  the 
cooling  time  constant  of  the  fila¬ 
ment  was  sufficiently  short  to  allow 


an  appreciable  fluctuation  of  the 
light  output.  The  alternating  com¬ 
ponent  of  the  light  flux  wag  about 
50  percent  of  the  total  flux.  In  this 
way  the  output  from  the  phototube 
contained  an  appreciable  amount  of 
50-cycle  a-c. 

The  amplifier  consists  of  two 
stages  of  pentode  amplification  in 
cascade,  followed  by  one  stage  of 
triode  *  amplification.  This  latter 
stage  also  serves  the  purpose  of  iso¬ 
lating  the  high-gain  stages  from 
the  following  stage  which  is  a  thy- 
ratron  (gas-filled  relay)  having  a 
mechanical  relay  in  its  anode  cir¬ 
cuit,  this  final  relay  operating  the 
clock.  , 

Resistance-capacitance  coupling 
is  used  throughout  the  amplifier. 
The  frequency  response  is  made  to 
have  a  rising  characteristic  at  50 
cycles  and  to  cut  off  the  unwanted 
higher  frequencies  resulting  from 
tube  noises.  The  thyratron  plate  is 
supplied  with  a-c  in  such  a  phase 
with  respect  to  the  signal  on  its 
grid  that  it  fires  for  part  of  the 
positive  cycle.  Thus  the  current 
flowing  in  the  plate  circuit  is  pul¬ 
sating  d-c,  which  is  used  after  fil¬ 
tering  to  actuate  the  mechanical 
relay. 

A  gain  control  is  incorporated  In 
the  second  pentode  stage  so  that  the 
sensitivity  of  the  apparatus  can  be 
controlled  to  a  certain  extent.  Fixed 
bias  is  used  on  all  the  tubes  to  fore¬ 
stall  any  difficulties  which  arise  oc¬ 
casionally  from  phase  shifts  when 
cathode  biasing  is  used.  For  the 
same  reason  the  bypass  and  block¬ 
ing  capacitors  are  large  enough  to 
cause  negligible  phase  shift  at  50 
cycles. 

For  ease  of  servicing,  type  6SJ7 
tubes  were  used  for  all  three  ampli¬ 
fier  stages.  The  somewhat  unconven¬ 
tional  way  in  which  the  a-c  voltage 
for  the  thyratron  plate  is  ob¬ 
tained  was  necessitated  by  the  fact 
that  no  power  transformer  could  be 
obtained  having  a  second  insulated 
high-voltage  winding. 

Validation  tests  on  this  machine 
are  at  present  being  made  by  the 
Bureau  for  Personnel  Research. 
Apart  from  small  alterations  and 
adjustments  it  is  proving  satisfac¬ 
tory  in  operation,  and  a  first  esti¬ 
mate  of  its  ability  to  indicate  apti¬ 
tude  for  certain  types  of  garment 
work  is  promising. 
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Reversible-Motoi 

Controller 


Circuit  sets  limits  of  rotation  of  a  continuously  reversing 
motor  for  such  applications  as  repeatedly  tuning  through 
a  radio  hand  or  controlling  reciprocators  in  factories 

By  J.  GREGG  STEPHENSON 

Bmffineer 

Airborne  Jnetrumente  Laboratory,  Inc. 

Mineola,  N.  Y. 


Circuit  outomoticaUT  rsTersM  motor  when  ^oad  reaches  preset  limit 


UPPER  AND  LOWER  LIMITS  of  a 
sector-scanning  radio  re¬ 
ceiver  are  set  by  the  circuit  shown 
in  the  accompanying  drawing.  It 
can  also  be  used  with  any  device 
that  oscillates  between  occasionally 
changed  limits.  Devices  to  which  it 
might  be  adapted  are  radio  trans¬ 
mitters,  radar  '  equipment,  auto¬ 
matic  factory  techniques  using 
milling  machines,  lathes,  or  vari¬ 
able-depth  boring  tools;  in  short, 
any  device  that  must  move  repeat¬ 
edly  between  two  points  within  its 
complete  range. 

CircMlt  OporatloH 

The  circuit  is  relatively  simple. 
Either  end  of  the  automatic  scan 
can  be  set  without  regard  to  the 
other  by  means  of  linear  potentiom¬ 
eters  Ri  and  72*  at  a  remote  point. 
Potentiometer  72:,  is  geared  to  the 
turning  mechanism  of  the  remotely 
controlled  load  so  that  its  full  re¬ 
sistance  is  traversed  with  the  com¬ 
plete  range. 

Relay  1  controls  direction  of 
travel  of  the  motor.  The  load  will 
be  raised  when  Relay  1  is  de-ener¬ 
gized,  lowered  when  it  is  energized. 
With  the  potentiometers  in  the  po¬ 
sitions  shown.  Relay  1  will  be  ini¬ 
tially  de-energized  and  the  motor 
will  raise  the  load  until  the  voltage 
at  C  of  72,  very  nearly  equals  the 
voltage  at  A  of  72,.  Relay  1  will  then 
be  actuated  by  the  firing  of  Tube 
1  and  the  motor  will  reverse,  low¬ 
ering  the  load.  Tube  1  will  remain 
conducting  until  the  voltage  at  C  of 
72,  nearly  equals  the  voltage  at  B  of 
72,.  At  this  condition  Tube  2  will  fire 
and  Relay  2  will  be  actuated  momen¬ 
tarily,  thus  de-energizing  Relay  1. 
This  action  will  deionize  Tube  1  and 
reset  the  circuit  to  the  original  con¬ 
dition. 

Upper  and  lower  limits  must 
not  be  crossed.  Some  mechanical 
means  should  be  provided  to  pre¬ 


vent  this  possibility.  On  the  other 
hand,  if  by  some  means,  the  load 
is  moved  past  the  lower  limit,  the 
load  will  be  raised  into  the  desired 
sector  when  the  circuit  is  energized. 
If  the  load  is  moved  past  the  upper 
limit,  it  will  be  lowered  into  the  sec¬ 
tor  when  the  circuit  takes  control. 

Dcfigii  Comidcratieiis 

Potentiometers  72„  72-  and  72, 
should  preferably  be  supplied  from 
the  same  d-c  voltage,  but,  if  neces¬ 
sary,  separate  regulated  supplies 
having  the  same  output  voltage  can 
be  used,  thus  saving  one  control 
wire. 

Potentiometers  72,  and  R--  can  be 
arranged  to  indicate  sector  limits 
on  the  same  linear  scale,  but  some 
error  in  the  lower  limit  indication 
will  result  from  a  small  current 
passing  through  72,  when  Tube  1 
and  Relay  1  are  energized.  This  er¬ 
ror  can  be  minimized  by  (A)  a  low 


resistance  potentiometer  at  72„  (B) 
a  sensitive  coil  for  Relay  1,  (C)  a 
higher  d-c  voltage  on  all  potentiom¬ 
eters,  or  (D)  a  compensating  resist¬ 
ance  (72,).  If  separately  calibrated 
indicator  scales  are  used  for  72,  and 
72,,  this  error  is  eliminated. 

Values  shown  on  the  diagram 
were  chosen  for  remotely  tuning  a 
radio  receiver.  Both  upper  and 
lower  limit  potentiometers  indicate 
on  the  same  linear  scale  and  are  ar¬ 
ranged  mechanically  so  that  electri¬ 
cal  crossover  is  impossible.  Using 
inexpensive  three-watt,  wire-wound 
potentiometers  and  72„  maximum 
error  in  indication  of  sector 
limits  is  about  3  percent  of  the 
total  tuning  range.  The  circuit  is 
stable  down  to  a  minimum  sector  of 
about  0.25  percent  at  a  sweep  pe¬ 
riod  of  30  seconds  over  the  entire 
range.  Tripping  is  consistent 
within  about  ±  0.05  percent  for  a 
given  set  of  tubes. 
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OUTPUT  PADS 
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Automatic  Gain  Contiol 
and  Limiting  Amplifier 


ri 


An  age  amplifier  regulates  the  audio  signal  applied  to  a  peak  limiter  so  that  the  output 
is  held  constant  to  provide  a  high  percentage  of  modulation  in  a  transmitter  or  high  level 
for  recording  or  public  address.  A  memory  circuit  holds  the  gain  constant  for  a  predeter¬ 
mined  time  to  preserve  dynamic  range  of  program 


The  automatic  gain  control  and 
limiting  amplifier  (Progar)  to 
be  described  was  designed  to  bridge 
the  gap  between  the  physical  limi¬ 
tations  of  broadcasting,  recording, 
and  public  address  equipment  and 
the  ability  of  operating  personnel 
to  maintain  an  efficient  program 
level  within  these  limits. 

In  broadcasting,  dynamic  limits 
are  sometimes  exceeded  because  of 
an  operator’s  desire  to  maintain  a 
high  percentage  of  modulation  at 
all  times.  Early  attempts  to  allevi¬ 
ate  this  situation  made  use  of  peak 
limiting  or  compressor  amplifiers  at 
the  transmitter.  Unfortunately,  this 
led  to  relaxing  of  critical  monitor¬ 
ing.  Operators  relied  upon  the  peak 
limiter  to  maintain  a  high  average 
percentage  of  modulation,  disre¬ 
garding  the  fact  that  this  statement 
holds  true  only  when  the  proper 
signal  level  is  fed  into  the  peak  lim¬ 
iter. 


Guardian  Amplifier 

The  Langevin  119- A  unit  was  de¬ 
signed  to  be  inserted  between  stu¬ 
dio  audio  facilities  and  the  trans¬ 
mitter.  (Several  have  also  been 


built  by  Royal  S.  Howard  of  the 
Associated  Broadcasting  Company 
in  San  Francisco.)  Figure  1  shows 
the  sections  into  which  it  is  divided, 
consisting  essentially  of  an  •  auto¬ 
matic  gain  control  or  guardian  am¬ 
plifier  that  provides  a  regulated 
audio  flow  and  an  improved  type  of 
peak  limiter  amplifier. 

The  input  signal  is  first  fed  into 
the  guardian  amplifier  and  from 
there  branches  into  two  circuits, 
part  going  to  the  peak  limiter  and 
part  going  into  the  rectifying  and 
memory  circuit.  The  output  of  the 
rectifying  and  memory  circuit  con¬ 
trols  the  gain  of  the  guardian  am¬ 
plifier.  The  output  of  the  limiter 
also  branches  into  two  circuits,  part 
going  to  the  output  load  and  part 
to  the  rectifier  and  bias  control  cir¬ 
cuit  which  provides  fast  gain  reduc¬ 
tion  action  of  the  peak  limiter  am¬ 
plifier. 

Figure  2  shows  the  combined  ac¬ 
tion  of  the  guardian  and  limiter 
circuit.  The  lower  graph  represents 
the  guardian  action.  The  vertical 
axis  represents  the  peak  value 
of  the  input  signal,  and  the  hori¬ 
zontal  axis  represents  the  peak 


value  of  the  signal  at  the  output  of 
the  guardian  circuit,  which  is  also 
the  input  to  the  peak  limiter.  The 
vertical  axis  of  the  upper  graph 
represents  the  peak  value  of  the  out¬ 
put  signal. 


Gain  Contral  Action 


The  input  controls  are  adjusted 
so  that  the  average  peak  input  sig¬ 
nal  is  —31  db.  The  average  peak 
into  the  limiter  occurs  at  point  A, 
which  is  at  the  knee  of  the  curve, 
and  the  average  peak  output  is  -f-22 
db,  which  is  made  equivalent  to  80 
percent  modulation.  As  the  body  of 
the  program  material  falls  below 
the  average  peak,  the  full  dynamic 
range  of  the  material  is  reproduced 
due  to  the  linear  action  of  both 
amplifiers.  Any  transient  peaks 
above  the  average  peaks  are  com¬ 
pressed  in  the  limiter  section. 

If  the  average  peak  value  of  the 
input  should  increase  and  remain 
there  for  any  reason,  as  from  —31 
db  to  —21  db,  the  input  to  the  lim¬ 
iter  will  increase  to  B  and  the  aver¬ 
age  peak  output  will  be  +23  db,  or 
90  percent  modulation.  Under  this 
condition,  part  of  the  body  of  the 
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FIG.  2 — Circuit  action  of  the  combined 
omplUiera  at  Tarioue  levels 


program  below  the  average  peaks 
will  be  compressed  in  the  limiter. 
The  gain  of  the  guardian  amplifier 
is  then  reduced  to  the  —10  db  con¬ 
trol  line  so  that  the  increased  input 
produces  an  output  from  the  guard¬ 
ian  back  at  A,  and  the  output  from 
the  limiter  is  again  back  at  -\-22. 
The  time  for  the  guardian  section  to 
decrease  its  gain  is  much  slower 
than  the  limiter  attack  time  but  is 
still  too  fast  to  be  detected  by  the 
ear. 

If,  while  the  limiter  is  in  this 
condition,  the  operator  changes  the 
input  level  back  to  normal  (to  —31 
db),  the  input  to  the  limiter  will 
drop  to  C  and  the  output  signal  to 
+  12  db.  The  guardian  section  does 
not  act  immediately,  but  the  mem¬ 
ory  circuit  holds  the  gain  constant 
for  a  predetermined  time  and  then 
allows  the  gain  to  increase  gradu¬ 
ally  to  normal  as  represented  by  the 
zero  control  line.  This  wait  time  is 
relatively  long  and  in  present  mod¬ 
els  is  adjustable  from  2  to  8  sec¬ 
onds.  This  long  delay  is  provided  to 
allow  for  station  breaks  and  fade- 
outs  as  used  in  dramatic  shows.  If 
the  action  were  extremely  fast,  the 
amplifier  would  try  to  maintain 
constant  output  continually  and  de¬ 
stroy  the  dynamic  range  of  the  pro¬ 
gram. 

Should  the  average  peak  input 
signal  level  drop  below  its  normal 
value,  as  from  —31  to  —41  db,  with 
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the  corresponding  output  of  +12 
db,  the  guardian  amplifier  gain  will 
again  be  held  constant  by  the  mem¬ 
ory  circuit  for  the  predetermined 
time  and  will  then  slowly  increase 
to  the  +10  db  control  line,  bringing 
the  output  of  the  guardian  amplifier 
back  to  normal.  Upon  restoring 
the  input  signal  to  normal  again, 
the  input  to  the  limiter  will  be  at  B, 
and  the  limiter  will  instantly  re¬ 
duce  this  increased  input  signal  to 
a  safe  output  value  until  the  guard¬ 
ian  gain  changes  again. 

The  combination  of  the  two  am¬ 
plifiers  maintains  a  steady  audio 
flow  into  the  transmitter  at  all 
times.  As  is  seen  from  the  lower 
graph  in  Fig.  2,  the  gain-changing 
action  of  the  guardian  amplifier  is 
not  strictly  of  the  compressor  type, 
due  to  the  action  of  the  memory 
circuit.  Therefore,  even  though  the 
average  dynamic  range  is  changed, 
as  it  will  be  in  any  gain-changing 
amplifier,  the  dynamic  expression  is 
not  affected. 

Circuit 

Figure  3  shows  a  schematic  of  the 
complete  unit.  The  audio  section  of 
the  amplifier  consists  of  four  push- 


pull  cascade  stages  with  trans¬ 
former  input  and  output.  The  first 
two  tubes  are  the  guardian  control 
section ;  the  second  stage  is  the  lim¬ 
iter  amplifier  control  section;  the 
third  stage  is  the  linear  amplifier 
section ;  the  fourth  stage  is  the 
power  output  section. 

The  control  circuit  for  the  guard¬ 
ian  section  consists  of  a  two-stage 
resistance-coupled  pushpull  linear 
amplifier  operating  into  a  full- wave 
rectifier.  The  output  of  the  rectifier 
feeds  an  RC  circuit  which  builds 
up  the  d-c  potential  in  proportion 
to  the  incoming  program  level.  A 
portion  of  this  potential  is  fed 
through  the  conducting  diode,  Fim, 
into  capacitor  C^.  The  voltage 
across  €»  is  then  fed  into  the  guard¬ 
ian  amplifier  control  tubes.  With 
the  correct  input  signal  applied  to 
the  tubes  (—31  db),  the  bias  of 
the  tubes  is  established  by  the  con¬ 
trol  circuit,  mentioned  above,  to  set 
the  gain  of  the  tubes  in  the  center 
of  the  operating  range.  The  pur¬ 
pose  of  this  condition  is  to  allow  the 
tubes  to  increase  or  decrease  ampli¬ 
fication  by  approximately  15  db, 
thereby  effecting  the  age  action. 

If  the  incoming  signal  should  be 
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increased,  additional  potential  is 
developed  in  the  first  RC  circuit  of 
the  control  section.  Portions  of 
this  voltage  are  almost  instantly 
transferred  through  conducting  di¬ 
ode  Vmm  into  C»,  increasing  the  con¬ 
trol  voltage  on  the  tubes  and 
thereby  reducing  the  gain  of  the 
first  stage  and  reducing  the  signal 
to  the  proper  level  going  into  the 
second  stage.  This  circuit  may  be 
referred  to  as  a  reverse-acting  con¬ 
trol  circuit  whereby  the  operation 
of  the  circuit  depends  upon  permis¬ 
sible  error,  which  in  this  case  is 
1-db  change  in  the  output  for  a 
10-db  change-  in  the  input.  There¬ 
fore,  the  action  taken  by  the  control 
circuit  must  be  such  that  it  pro¬ 
duces  enough  control  signal  to  i-e- 
duce  the  incoming  signal  9  db  with 
only  a  1-db  increase  in  the  output. 

If  the  average  peak  of  the  input 
signal  should  drop  from  its  normal 
value,  the  charging  voltage  will  be 
reduced  across  Cm.  If  the  signal  is 
slightly  reduced,  no  effective  change 
will  be  produced  on  C*  because  this 
capacitor  may  only  be  charged  by 
PiM,  or  discharged  by  and  then 


only  if  the  voltage  of  Cj,  equals  the 
voltage  of  Cm. 

This  circuit  is  the  heart  of  the 
guardian  circuit,  and  is  referred  to 
as  the  memory  circuit.  This  ex¬ 
plains  the  reason  why  during  a  sym¬ 
phony  concert  the  pianissimo  pas¬ 
sages  are  not  affected,  as  some  por¬ 
tions  of  it  keep  the  first  RC  (Cm) 
charged  sufficiently  so  as  to  prevent 
Cf  from  being  discharged,  thereby 
keeping  the  gain  constant  in  the 
guardian  circuit.  Should  the  pro¬ 
gram  drop  completely,  capacitor  C* 
would  start  discharging  because  no 
signal  is  being  fed  into  the  control 
circuit.  As  soon  as  the  voltage 
across  C»  equals  the  voltage  across 
Cm,  the  conducting  diode  (Vm) 
would  start  discharging  C*  at  the 
same  rate  along  with  C».  This  would 
reduce  the  control  voltage,  allowing 
the  gain  to  increase  in  the  guardian 
stage.  This  gain  will  increase  to 
the  limit  determined  by  the  setting 
of  the  guardian  increase  limit  con¬ 
trol.  The  purpose  of  the  guardian 
increase  limit  control  is  to  limit  the 
maximum  gain  of  the  control  am¬ 
plifier  when  no  signal  is  present.  In 


average  studio  conditions,  a  5-db 
limit  is  recommended.  Ten  and 
15-db  limits  are  provided  for  unat¬ 
tended  service  if  the  noise  level  of, 
the  preceding  equipment  will  allow 
this  additional  gain. 

A  Guardian  Action  Disabling 
switch  is  provided  for  testing  this 
circuit  for  normal  gain  conditions 
and  for  tube  balance  checks.  This 
switch  substitutes  a  fixed  bias  in 
place  of  the  control  circuit  bias. 

Guardian  action  is  observed  by 
measuring  the  combined  plate  cur¬ 
rents  of  the  guardian  control  tubes. 
This  measurement  is  only  rela¬ 
tive  as  it  measures  the  plate  cur¬ 
rent  of  the  tubes  and  is  cali¬ 
brated  in  terms  of  audio  signal.  A 
calibration  control  is  provided  to 
set  the  meter  at  zero  position  when 
the  guardian  action  switch  is  in  the 
disabled  position. 

The  peak  limiter  section  is  com¬ 
posed  of  the  last  three  pushpull 
stages,  with  a  biased  diode  rectifier 
connected  across  the  output.  This 
rectifier  rectifies  a  portion  of  the 
output  voltage  whenever  that  volt¬ 
age  exceeds  the  predetermined 
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fig.  3 — Th»  compl»t«  circuit  U  boticallF  a  fonr-stagM  oudio  amplifier,  with  added  control  circuits  lor  the  special  functions 


September.  fWZ  —  ELECTRONICS 


Front  Tiow  of  ompIUier  chassis  with  meter  panel  remored  Screwdrirer-adiusted  controls  are  accessible  from  the  rear 


amount  and  applies  that  rectified 
voltage  as  a  bias  to  the  limiter  in¬ 
put  stage. 

The  limiting  action  is  also  a  re¬ 
verse-acting  control  circuit,  and  is 
designed  to  operate  at  a  10:1  con¬ 
trol  ratio,  whereas  a  10-db  increase 
in  input  signal  produces  only  a  1-db 
increase  in  output  signal  above  the 
predetermined  peak  value. 

The  output  of  the  guardian  sec¬ 
tion  is  so  adjusted  that  when  the 
limiting  control  is  in  the  zero  posi¬ 
tion  no  limiting  action  takes  place 
on  normal  program  material.  Due 
to  the  slow  attack  time  of  the  guard¬ 
ian  circuit  normal  transients  ap¬ 
pearing  in  the  signal  have  no  effect 
on  the  guardian  control  circuit  and 
are  passed  on  to  the  limiting  section 
where  they  are  reduced  by  the  con¬ 
trol  action  of  the  limiter.  This  also 
explains  why  steep  wave  front  tones 
such  as  certain  piano  tones  and 
cymbal  crashes  have  little  or  no 
effect  on  the  guardian  action,  and  if 
dangerous  to  the  transmitter  are 
reduced  to  a  safe  value  by  the  limit¬ 
ing  action. 

Circuit  Trackiug 

Reverse-action  control  circuits 
were  selected  for  both  of  the  control 
circuits  in  place  of  forward-acting 
control  circuits  because  of  the  ex¬ 
tended  range  of  control  without  cut¬ 
ting  off  the  amplifier.  Forward-act¬ 
ing  circuits  give  difficulty  in  main¬ 
taining  the  control  action  over  a 
range  greater  than  13  db.  After 


that  point,  they  have  a  tendency  to 
cut  off  the  controlled  amplifier  com¬ 
pletely,  thereby  producing  notice¬ 
able  holes  in  the  program  material 
if  the  peaks  should  exceed  the  nor¬ 
mal  operating  range  encountered  in 
practice. 

The  forward-acting  control  cir¬ 
cuits  receive  their  control  voltage 
from  the  input  of  the  amplifier  and 
must  develop  the  control  voltage 
that  will  track  along  with  the  con¬ 
trol  action  of  the  variable-gain 
tubes.  The  control  circuit  rectifiers 
produce  a  voltage  that  is  linear  to 
the  input  voltage,  while  the  con¬ 
trolled  tubes  require  a  logarithmic 
voltage.  Therefore,  the  tracking  of 
a  forward-acting  circuit  is  difficult 
to  control  over  an  extended  range. 

In  the  reverse-acting  control  cir¬ 
cuit,  tracking  is  no  problem  as  the 
circuit  is  selfbalancing,  working  on 
permissible  error,  and  control  ac¬ 
tion  is  automatically  extended  be¬ 
yond  the  required  30  db. 

Semifixed  and  variable  attenua¬ 
tors  are  provided  at  the  input  and 
output  to  adjust  the  input  signal 
and  provide  the  unit  with  the 
proper  input  signal  of  —31  dbm  (db 
referred  to  a  zero  level  of  1  milli¬ 
watt),  and  to  adjust  the  output  of 
+  22  dbm  to  correspond  to  80  per¬ 
cent  modulation  at  the  transmitter. 
These  input  and  output  levels  must 
be  established  before  putting  the 
unit  into  operation. 

Semifixed  pads  with  a  40-db  range 
are  provided  at  the  input  and 


output  to  allow  the  unit  to  be  sub¬ 
stituted  in  place  of  the  conventional 
line  or  program  amplifier  or  in¬ 
serted  as  a  zero-gain  device  at  the 
transmitter  audio  input. 

Common  Power  Senree 

The  power  supply  is  conventional 
with  VR  regulator  tubes  stabilizing 
the  critical  voltagfes  such  as  the 
guardian  circuit  and  the  limiter  di¬ 
ode  bias.  It  is  recommended  that 
the  power  supply  be  operated  from 
the  salne  a-c  power  source  as  the 
modulating  stage  of  the  transmit¬ 
ter.  This  is  to  allow  for  the  varia¬ 
tions  in  the  line  voltage  that  will 
change  the  modulation  capabilities 
*of  the  transmitter  and  will  also 
change  the  output  capabilities  of 
the  Progar,  and  will  therefore  main¬ 
tain  a  uniform  maximum  operat¬ 
ing  point  of  both  units  simultane¬ 
ously.  If  a  well-regulated  power  sup¬ 
ply  is  used,  a  constant  fixed  output 
will  be  maintained,  and  as  the  line 
variations  affect  the  modulation 
capabilities  of  the  transmitter  the 
full  benefits  of  the  control  action 
could  not  be  utilized. 

For  network  operation,  it  is  ad¬ 
visable  to  use  one  unit  at  the  studio 
with  the  limiter  action  disabled,  and 
a  second  unit  at  the  transmitter 
with  the  guardian  action  disabled. 
The  reason  for  this  recommendation 
is  that  if  the  two  limiters  are  used 
in  cascade  with  different  release 
times,  a  pumping  action  will  be  no¬ 
ticeable  on  some  program  material. 
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Mass-Production  Speed 

Ultraprecision  electronic  balancer  brings  gvro  rotor  up  to  test  speed  of  12,000  rpm  in  a 
few  seconds  and  indicates  amount  and  location  of  unbalance  directly,  permitting  skilled 
operator  to  balance  a  rotor  in  two  minutes  by  alternately  measuring  and  drilling 


forces  on  the  resilient  rotor  sup¬ 
ports,  resulting  in  voltages  that 
identify  both  magnitude  and  angu¬ 
lar  position  of  required  unbalance 
correction. 

The  principle  by  which  the  bal¬ 
ancing  instrument  could  focus  at¬ 
tention  on  one  plane  of  correction 
without  interference  from  the 
other  may  be  demonstrated  by  ref¬ 
erence  to  Fig.  2.  Consider  that  a 
localized  unbalance  mass  exists  in 
each  of  the  correction  planes  and 
that  these  masses  have  any  angular 
configuration  with  each  other.  Let 
the  unbalance  forces  due  to  each  of 
these  masses  be  represented  by  W 
and  X  respectively.  Force  X  will 
manifest  itself  at  shaft  ends  A  and 
B  as  components  A’.  and  X^  respec¬ 
tively,  all  having  the  same  angular 
orientation  and  of  magnitudes  such 
that 

A,  -f  A'6  =  A' 

oA'„  =  hXb  (1) 

Similar  relations  hold  for  compo¬ 
nents  W,  and  VF».  These  four  com¬ 
ponents  of  X  and  W  w  ill  produce  re¬ 
sultants  R,  and  at  ends  A  and  B 
respectively. 

Electrical  transducers  at  ends  A 
and  B  can  produce  voltages  which 
are  proportional  both  in  magnitude 


L^LANCE  CORRECTION  SURFACES 
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FIG.  1 — Gyro  rotor.  Air  stream  impinging 
on  Tones  in  center  driyes  rotor  at  12,000 
rpm  during  balancing  tests 
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and  in  phase  to  the  resultant  forces 
R,  and  /?».  Let  us,  for  the  sake  of 
simplicity,  allow  the  notations  R, 
W,  and  X  to  indicate  also  the  elec¬ 
trical  voltage  vectors  correspond¬ 
ing  to  these  forces.  Then  the  volt¬ 
ages  generated  at  A  and  B  will  also 
be  represented  by  the  vectors  of 
Fig.  2.  To  the  voltage  R.  let  us  add 
a  part  of  the  voltage  of  Rt,  reduced 
in  magnitude  by  the  factor  b/a  and 
reversed  in  instantaneous  polarity 
as  indicated  in  the  lower  right  in 
Fig.  2.  Resolving  these  into  their 
original  vector  components,  w’e  see 
that  —  (b/a)Xi  is  exactly  equal  and 
opposite  to  X,  since  from  Eq.  1 

A.  =  ib/a)  X  t  (2) 

Since  the  rotor  is  symmetrical  with 
respect  to  dimensions  a  and  b,  aW^ 
=  bW,  and  W„  =  (b/a)W..  Making 
the  vector  summation  of  voltages 
R,  and  —  (b/a)R„,  the  X  component 
disappears  and  the  remainder  be¬ 
comes 

ir, W'6  =  ir,  (3) 

which  is  a  voltage  proportional 
both  in  magnitude  and  phase  to  the 
original  force  W  only.  By  mixing 
the  generated  voltages  in  a  propor¬ 
tion  which  is  a  function  of  the  loca¬ 
tions  of  the  balance  correction  sur¬ 
faces  and  the  transducers  alone,  it 
is  possible  to  determine  both  the  lo¬ 
cation  and  magnitude  of  the  unbal¬ 
ance  on  either  correction  surface. 

Evolution  of  Pinal  Design 

For  balancing,  the  rotor  w’as  ini¬ 
tially  mounted  in  the  double  sus¬ 
pension  system  of  Fig.  3,  using  rub¬ 
ber  as  the  resilient  material  and 
operated  above  resonance  with  mov¬ 
ing-coil  pickups  as  transducers. 
The  pickup  units  are  similar  to  the 
Western  Electric  D-93306  repro¬ 


ducer  for  vertical  transcriptions. 
Each  pickup  was  coupled  directly 
to  the  bearing  suspension  by  means 
of  a  small  piano-wire  rod  which 
drove  the  pickup  sinusoidally  while 
permitting  rotary  motion  of  the 
bearing.  This  rubber  suspension 
method  proved  inadequate,  how¬ 
ever,  because  it  permitted  motion 
axially  as  well  as  radially,  did  not 
easily  allow  separate  control  of 
compliance  and  damping,  and  did 
not  maintain  the  rotational  axis 
locatioji  within  sufficient  accuracy 
between  test  and  use. 

The  final  suspension  design  over¬ 
came  these  limitations,  .while  still 
maintaining  the  advantages  of  free 
plane  motion,  by  employing  ball 
bearings  mounted  in  plates  sup¬ 
ported  on  three  horizontal  round 
cantilever  rods.  This  permitted 
free  motion  in  the  planes  of  the 
bearings,  but  not  axially.  Damp¬ 
ing  was  provided  separately  by  en¬ 
closing  each  cantilever  rod  within 
a  fluid-filled  cylinder,  the  working 
end  of  which  contained  a  thin  neo¬ 
prene  dam  for  fluid  retaining. 
Damping  was  controlled  by  means 
of  beads  mounted  on  each  suspen¬ 
sion  rod  and  also  by  adjusting  the 
properties  of  the  fluid.  Rosin  dis- 


FIG.  2 — Force  reactions  on  rotor  due  to 
unbalance  correction,  and  vector  summa¬ 
tion  (lower  right)  lor  unbalance  indication 
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With  this  ultraprscision  electronic  balancing  machine,  a  skilled  operator  con  easily 
balance  200  gyro  rotors  a  day  to  an  accuracy  oi  a  lew  micro-ounce-inches.  A  drill 
press  is  coneeniently  located  alongside  the  machine,  and  the  operator  alternately 
measures  and  drills  until  the  required  balance  is  achieved 


Rear  view  oi  gyro  balancer,  showing  how 
ompliiiers  are  arranged  on  two  separate 
chassis  units  that  con  readily  be  removed 
ior  servicing 


The  heart  of  an  automatic  pilot 
for  aircraft  is  the  gyroscope  or 
gyro  rotor,  which  rotates  at  10,000 
to  20,000  rpm  and  must  be  dynami¬ 
cally  balanced  to  a  degree  of  accu¬ 
racy  hitherto  unattainable.  Produc¬ 
tion  demands  for  these  rotors  in 
the  Jack  &  Heintz  plants  rose  to  an 
unprecedented  total  of  35,000  units 
per  month  during  the  war,  each 
balanced  to  the  astonishing  ac¬ 
curacy  of  a  few  millionths  of  an 
ounce-inch.  This  is  the  story,  told 
now  for  the  first  time,  of  the  ultra¬ 
precision  electronic  balancing  in¬ 
strument  which  did  this  vrork. 

The  Balancing  Problem 

The  gyro  rotor,  shown  in  Fig.  1, 
is  a  round  rigid  body  which  is  to 
rotate  about  a  rotational  axis  deter¬ 
mined  by  the  positions  of  the  pivots 
or  conical  bearing  surfaces  which 
form  the  inner  races  or  cones  of  the 


ball  bearings.  Another  axis  through 
the  rotor,  near  the  rotational  axis 
but  so  directed  as  to  pass  through 
the  average  of  the  positions  of  the 
centers  of  gravity  of  successive 
thin  sections  taken  along  the  axis, 
is  called  the  axis  of  inertia.  This  is 
the  axis  which  will  produce  no  pres¬ 
sures  on  the  bearings  due  to  centrif¬ 
ugal  forces  when  rotation  takes 
place  about  it.  Dynamic  balancing 
involves  shifting  the  axis  of  inertia 
until  it  coincides  with  the  rota¬ 
tional  axis  within  the  balance  ac¬ 
curacy  required.  (Strictly  speaking, 
the  axis  of  inertia  is  defined  as  the 
2  axis  about  which  the  .summation 
of  the  products  of  inertia  is  zero.) 

The  condition  of  unbalance  can 
be  located,  measured,  and  expressed 
as  a  weight  of  w  ounces  located  r 
inches  from  the  rotational  axis. 
The  dimension  ounce-inch  was 
found  to  be  inconveniently  large 


for  gyro  work,  hence  the  micro¬ 
ounce-inch  (one  millionth  of  an 
ounce-inch)  was  used.  The  re¬ 
quired  sensitivity  for  the  balancing 
instrument  was  between  2  and  5 
micro-ounce-inches;  actually  it  was 
possible  in  the  final  design  to  at¬ 
tain  a  maximum  sensitivity  of  one 
micro-ounce-inch. 

Principle  of  Balancing 

It  can  be  shown  analytically  that 
regardless  of  the  number  or  distri¬ 
bution 'of  unbalance  masses  within 
a  rigid  body,  balance  correction  can 
be  effected  in  any  two  arbitrarily 
cho.sen  planes  at  right  angles  to  the 
rotational  axis.  Conversely,  it  can 
be  considered  that  all  the  unbalance 
occurs  in  the  two  previously  chosen 
planes  of  correction. 

During  rotation,  centrifugal  ac¬ 
tion  of  the  unbalance  masses  at  the 
two  correction  planes  will  produce 
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FIG.  5 — Dcaign  of  aiuponBion  OBSombly 
and  damping  cylindor 


rms  for  1  micro-ounce-inch  unbal¬ 
ance. 

The  foot  valve  of  the  pneumatic 
system  is  operated  only  to  attain 
rotor  speed  quickly,  after  which 
opening  of  the  on-off  air  valve  and 
proper  preadjustment  of  the  needle 
valve  maintains  rotor  speed. 

nnal  Eloetronic  CIrcait 

In  order  that  the  signal  mixing 
be  accomplished  at  reasonable  level, 
the  pickup  voltages  are  amplified 
separately  in  identical  channels. 
Each  channel  employs  an  input 
transformer,  an  attenuator,  a  two- 
stage  electronic  amplifier,  a  special 
filter,  and  a  gain  adjustment,  as 
shown  in  Fig.  7.  The  transformers 
are  selected  and  matched  for  phase 
response,  and  each  provides  a  step- 
up  ratio  of  1:150  or  a  gain  of  43.5 
db.  The  attenuators  are  pushbut¬ 
ton  operated  and  ganged  and  each 
provides  six  steps  of  10  db  in  a 
total  resistance  of  250,000  ohms. 
Each  step  corresponds  to  one  scale 
range,  the  first  or  most  sensitive 
being  0  to  30  micro-ounce-inches 
and  the  last  being  10,000  micro¬ 
ounce-inches  full  scale.  The  at¬ 
tenuator  pushbuttons  are  conven¬ 
iently  located  at  the  front  of  the 
in.strument  table,  each  inscribed 
with  a  letter  designating  its  range. 

The  amplifiers  are  identical 
feedback-stabilized  two-stage  sec¬ 
tions  of  conventional  design.  Each 
provides  about  40-db  gain  with  neg¬ 
ligible  phase  shift  at  200  cycles. 
The  filters  are  100  to  200  cycle 
band-pass  units  of  special  design 
providing  an  attenuation  of  at  least 


FIG.  6 — Construction  of  pickup  unit,  shouc- 
inq  similarity  to  p-m  dynamic  spooksr 


25  db  in  the  stop-band  below  60 
and  above  400  cycles  and  a  transi¬ 
tion  loss  of  less  than  one  decibel  in 
the  working  range  of  180  to  220 
cycles. 

The  design  item  of  primary  im¬ 
portance  for  the  filter  is  the  rate  of 
change  of  phase  angle  with  fre¬ 
quency  in  the  working  range.  This 
is  held  within  0.5  degree  per  cycle 
and  is  constant  for  more  than  a 
ztrlO  percent  range  of  frequency  at 
200  cycles  when  used  with  the  cir¬ 
cuit  terminations  shown.  The  vari¬ 
able  resistor  in  the  output  termina¬ 
tion  provides  a  zt2-db  gain  adjust¬ 
ment  so  that  both  channel  signals 
may  be  matched  overall. 

Mixing  Circuit 

The  mixing  circuit  provides  a 
means  of  taking  the  output  of  one 
amplifier  and  adding  to  it  a  portion 
of  the  output  of  the  other  ampli¬ 
fier  in  reversed  polarity  as  called 
for  by  Eq.  3.  It  also  allows  the  op¬ 
erator  to  obtain  an  unbalance  indi¬ 
cation  on  either  the  left  or  right 
side  of  the  rotor  without  interfer¬ 
ence  from  the  unbalance  of  the 
other  side.  The  circuit  is  switched 
by  two  pushbuttons  located  at  the 
left  of  the  instrument  table. 

Inver.se  feedback  added  to  an 
amplifier  produces  many  advan¬ 
tages  but  one  disadvantage  here 
is  that  with  it  the  amplifier  is  no 
longer  a  passive  network,  and  a 
voltage  applied  at  its  output  end 
may  be  amplified  to  cause  disturb¬ 
ing  interference.  The  resi.stors  in 
each  input  leg  of  the  mixing  circuit 
are  isolating  networks  to  avoid  this 


difficulty.  This  isolation  is  effected 
at  the  expense  of  gain,  part  of  which 
is  recovered  in  the  mixing  trans¬ 
former  while  still  allowing  a  net 
loss  through  the  mixing  circuit  of 
about  28  db. 

The  focus  adjustment  potentiom¬ 
eter  permits  adjustment  of  the  ra¬ 
tio  b/a  (Eq.  2  and  3)  and  when 
calibrated  provides  a  loss  of  about 
15  db  for  one  channel  with  respect 
to  the  other.  The  phase-adjusting 
capacitor  in  the  mixing  circuit  pro¬ 
vides  for  a  small  phase  adjustment 
of  the  vector  (6/a)i2*  (Fig.  2). 

Mater  Amplifier 

The  amplifier  and  filter  follow¬ 
ing  the  mixing  circuit  are  identical 
with  the  input  counterparts  already 
described.  The  amplifier  recovers 
the  voltage  lost  in  the  mixing  cir¬ 
cuit.  The  additional  filtering  pro¬ 
vides  appreciable  isolation  of  the 
fundamental  unbalance  signal  with 
respect  to  extraneous  bearing  vi¬ 
bration  components,  permitting  the 
operator  to  obtain  an  unbalance  in¬ 
dication  for  an  unbalance  compo¬ 
nent  appreciably  weaker  than  the 
bearing  vibration  disturbance.  The 
filter  output  termination  here  again 
provides  zt2  db  gain  adjustment 
for  overall  calibration  of  the  signal 
which  at  this  point  has  a  value  of 
about  1.0  volt  rms  at  full-scale 
meter  deflection. 

The  meter  amplifier  provides  an 
additional  gain  of  17  db  to  its  out¬ 
put,  together  with  signal  rectifica¬ 
tion  for  the  meter  movement.  One 
diode  of  the  rectifier  provides  half¬ 
wave  rectification  for  the  meter, 
while  the  other  bucks  out  the  nor¬ 
mal  zero-voltage  diode  current. 

The  meter  has  a  4,000-ohm  100- 
microampere  d-c  movement  and  is 
arranged  with  two  .scales  laid  out 
to  be  10  db  apart.  Above  these 
scales  are  12  arbitrary  balance 
numbers  laid  out  1  db  apart  for  the 
operator’s  convenience  in  remem¬ 
bering  or  denoting  the  magnitude 
of  unbalance.  These  are  used  with 
any  of  the  six  scale  ranges  by  pre¬ 
fixing  the  letter  designating  the 
scale  range.  For  instance,  an  unbal¬ 
ance  of  200  micro-ounce-inches  can 
be  more  readily  designated  by  the 
operator  .'^.s  a  reading  of  C9.  These 
numbers  are  spaced  well  within  the 
accuracy  needed  by  the  operator  in 
effecting  a  balance  and  greatly  en- 
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FIG.  4 — Block  diagram  of  ultimate  balancer  deaign.  Air  aupply  ayatem  drires 
rotor  at  required  12,000-rpm  teat  apeed 


to  changes  of  rotor  speed  within 
the  normal  operating  speed  range. 
The  total  mechanical  phase  shift 
error  is  therefore  not  over  0.5  de¬ 
gree.  The  mechanical  displacement 
sensitivity  is  0.2  micro-inch  peak 
per  micro-ounce-inch  of  unbalance 
and  is  unaffected  by  the  normal 
speed  range  or  by  damping. 

One  suspension  assembly  is 
mounted  on  a  ball-bearing  slide  to 
allow  about  an  inch  of  motion  for 
insertion  and  removal  of  test  gyros. 
A  calibrated  spring  acts  against 
this  slide  to  provide  end  thrust  or 
bearing  loading  equal  to  that  which 
obtains  in  actual  assembly,  thus  re¬ 
ducing  errors  due  to  shift  of  rota¬ 
tional  axis.  A  lock  is  provided  for 
clamping  the  slide  during  teat  in 
such  a  way  as  not  to  disturb  the  ac¬ 
curacy  of  alignment.  The  ball-bear¬ 
ing  slide  reduces  variations  of  end 
loading  that  might  be  caused  by 
friction  and  at  the  same  time  pro¬ 
vides  for  long-time  accuracy  of  ad¬ 
justment  and  ease  of  operation 
which  are  so  important  in  produc¬ 
tion  use.  A  vibration  isolation 
mounting  supports  the  assembly. 

A  cross-sectional  view  of  one  of 
the  pickup  units  appears  in  Fig.  6. 
The  impedance  is  about  6  ohms  at 
200  cycles,  and  sensitivity  is  about 
45  db  below  1  volt  per  inch  per  sec¬ 
ond  velocity.  In  terms  of  balancing 
instrument  requirements,  each 
pickup  will  develop  about  1  micro¬ 
volt  rms  open  circuit  for  a  peak 
sinusoidal  displacement  of  0.2  mi¬ 
croinch  at  200  cycles  per  second. 
Overall  sensitivity  at  the  200-cycle 
operating  speed  is  thus  1  microvolt 


solved  in  castor  oil  worked  remark¬ 
ably  well  in  the  early  tests. 

Phase  response  fdr  both  the  me¬ 
chanical  and  electrical  parts  of  the 
instrument  proved  highly  impor¬ 
tant.  Low  phase-shift  band-pass 
filters  were  therefore  used  in  the 
amplifier  channels  instead  of  reso¬ 
nant  circuits.  Low  attenuation  was 
required  in  the  region  of  200  cycles, 
high  attenuation  in  the  region  of 
the  mechanical  resonance  of  the 
suspension,  and  high  attenuation 
for  all  harmonics  of  the  rotational 
frequency  (400  cycles  and  above). 

Since  the  phase  shift  in  the  fil¬ 
ters  is  only  one  of  several  factors 
adding  to  error  in  location,  2  de¬ 
grees  total  shift  was  arbitrarily  set 
as  permissible  for  the  filters  in  the 
working  speed  range.  Use  of  two 
filters  in  series  to  obtain  the  de¬ 
sired  attenuation  in  the  stop  band 
cut  this  allowable  phase  shift  in 
the  working  speed  range  down  to  1 
degree  per  filter. 

A  Strobotac  was  used  initially 
for  speed-measuring  purposes,  and 
gave  accuracies  easily  better  than 
1  percent  at  200  cycles,  correspond¬ 
ing  to  a  rotor  test  speed  of  12,000 
rpm.  The  use  of  a  stroboscope  for 
speed  determination  immediately 
suggested  its  use  also  for  unbalance 
location  by  using  the  rotor  as  its 
own  reference.  If  the  corrected  un¬ 
balance  voltage  were  used  to  initi¬ 
ate  the  flash  of  the  stroboscopic 
lamp,  the  spot  requiring  unbalance 
correction  could  (with  proper  phase 
adjustment)  be  illuminated.  This 
spot  could  be  easily  identified  stro- 
boscopically  while  rotating  if  the 


rotor  were  initially  stamped  with  a 
series  of  numbers  around  its  pe¬ 
riphery. 

The  block  diagram  in  Fig.  4 
shows  the  final  instrument  design, 
including  the  mechanical  suspen¬ 
sions,  the  connections  for  com¬ 
pressed  air  that  supplies  motive 
means  for  gyros  under  test,  and  the 
electronic  circuits. 


Final  Mechanical  System 

Details  of  the  final  mechanical 
suspension  appear  in  Fig.  5.  The 
diaphragm-type  construction  of  the 
bearing  support  disc  is  for  the  pur¬ 
pose  of  handling  secondary  axial 
and  angular  components  of  motion 
of  the  rotor  bearings.  These  discs 
are  machined  of  dural  (17st)  in  one 
piece,  with  the  diaphragm  section 
reduced  to  a  thickness  of  0.0050  to 
0.0055  inch.  The  pickup  coupling 
rod  is  a  0.020-inch  diameter  wire. 
The  suspension  support  rods  are 
0.040-inch  diameter  steel  drill  rod, 
the  ends  of  which  are  threaded  to 
permit  alignment  adjustment  of  the 
bearing  support  disc.  The  damping 
fluid  was  changed  to  one  of  the  Dow 
Corning  Silicones,  which  proved 
superior  to  the  rosin-castor  oil  mix¬ 
ture. 

The  natural  period  of  the  entire 
suspension  system  with  gyro  rotor 
in  place  is  very  nearly  29  cycles, 
which  is  about  a  factor  of  seven  be¬ 
low  test  speed.  The  damping  pro¬ 
duces  a  mechanical  phase  angle 
which  changes  less  than  0.3  degree 
due  to  changes  of  damping  factor 
under  normal  operation  of  the  in¬ 
strument  and  about  0.2  degree  due 
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la  tor,  permitting  use  of  the  strob-  fier  section  can  thus  be  made  in  a  0.00143  ounce,  and  inserted  into  one 
otron  for  determining  rotor  speed,  few  minutes.  of  the  holes  provided  for  it  in  the 

The  200-cycle  oscillator  has  a  After  construction  of  an  instru-  standard  rotor.  Thus  a  known  un- 
more  or  less  conventional  two-stage  ment  is  completed,  some  simple  balance  weight  was  added  to  the  ro- 
RC  feedback  circuit  except  that  means  of  primary  calibration  are  tor  at  a  known  distance  from  the 
stability  is  obtained  by  means  of  essential  before  it  can  be  usefully  center,  providing  a  standard  unbal- 
inverse  feedback  across  the  ampli-  employed.  The  four  items  requir-  ance  of  0.700  x  0.00143  =  0.001 

fier  portion.  The  stability  thus  ob-  ing  calibration  are:  (1)  test  speed  ounce-inch  =  1,000  micro-ounce- 

tained  is  surprisingly  good.  The  or  oscillator  frequency;  (2)  unbal-  inches.  Since  the  0.700-inch  loca- 
frequency  drift,  greatest  during  ance  magnitude  or  overall  gain;  tion  can  be  easily  determined  and 

the  first  hour  of  use,  is  not  over  (3)  unbalance  position  indication  maintained  to  an  accuracy  of  a  few 

1  percent  during  this  period.  Oscil-  or  overall  phase;  (4)  focus  or  mix-  tenths  of  a  percent  and  since  the 
lators  calibrated  an  hour  after  be-  ing  circuit  balance.  0.00143-oiuice  weight  can  likewise 

ing  turned  on  remain  within  2  per-  be  determined  to  a  high  degree  of 

cent  of  calibration  when  similarly  Calibration  Procedure  accuracy,  this  primary  standard  is 

checked  over  a  period  of  months.  The  primary  standard  for  check-  dependable  to  0.5  percent. 

The  variable  resistor  in  the  feed-  ing  oscillator  frequency  is  the  60-  procedure  of  calibration  thus 

back  circuit  provides  a  frequency  cycle  power  line  frequency.  A  disc  becomes  simple.  When  the  rotor  is 
adjustment  of  about  ±7  percent  to  having  ten  equally  spaced  holes  is  test  speed  with  the  weight  on  one 
take  care  of  frequency  calibration,  mounted  on  the  shaft  of  a  small  side  of. the  rotor,  the  gain  for  that 
A  separate  power  supply  was  3,600-rpm  synchronous  motor  which  channel  is  adjusted  until  the  meter 
used  for  the  strobotron  to  avoid  the  while  running  is  illuminated  with  reads  1,000  micro-ounce-inches  or 
danger  of  having  firing  pulses  get  the  strobotron  excited  from  the  os-  full-scale  reading  on  the  D  scale, 
back  into  the  amplifiers  through  the  cillator.  A  stationary  pattern  is  weight  is  then  transferred  to 

main  power  supply.  obtained  at  200  cycles  by  catching  other  side  of  the  rotor  and  the 

The  complete  circuit  was  built  up  each  third  hole  during  rotation,  procedure  repeated  for  the  other 
from  a  number  of  two-tube  sub-  The  next  nearest  stationary  pat-  channel. 

chassis  units  to  facilitate  rapid  re-  terns  with  this  method  occur  at  With  the  standard  rotor  and 
placement  of  circuits  in  the  event  150  and  250  cycles;  since  these  are  screw,  the  calibration  of  unbalance 
of  trouble  in  production  use  and  definitely  beyond  the  range  of  the  position  indication  also  becomes 
to  permit  better  control  of  circuit  oscillator,  this  system  provides  a  simple.  With  the  screw  in  position 
element  quality  in  the  manufacture  positive  primary  calibration.  rotor  at  exact  test  speed, 

of  the  instruments.  In  manufacture  To  calibrate  for  unbalance  mag-  strobotron  must  illuminate  the 
these  amplifier  components  were  nitude,  a  standard  rotor  was  pre-  rotor  at  the  instant  the  position  of 
built  up  complete,  then  individually  pared  with  two  small  holes  drilled  screw  is  aligned  with  a  refer- 
checked  and  adjusted  for  gain,  fre-  on  each  face,  precisely  0.700  inch  ence  ’index  line  in  the  operator’s 
quency  response,  and  phase  shift,  from  the  center  of  rotation.  These  view.  The  adjustment  in 

Each  subchassis  is  easily  removed  holes  w’ere  tapped  for  a  0-80  screw,  phase  network  provides  means 

for  replacement  by  unsoldering  the  and  the  rotor  was  then  carefully  ^  compensating  adjustment, 

few  leads  and  removing  two  screws,  balanced.  Next  a  0-80  screw  was  adjustment  for  focus  is  a  lit- 

Replacement  of  a  pretested  ampli-  prepared  which  weighed  precisely  more  involved  and  is  also  per¬ 

formed  with  the  standard  rotor  and 
screw  as  reference.  When  all  the 
above  calibrations  have  been  prop¬ 
erly  made,  and  with  the  standard 
unbalance  on  the  right  side,  the 
standard  rotor  is  operated  at  test 
speed.  Under  these  conditions  the 
unbalance  reading  for  the  left  side 
should  be  adjusted  for  a  minimum 
value.  While  a  null  value  20  db  be¬ 
low  the  unbalance  reading  gave 
sufficient  separation  for  good  pro¬ 
duction  speed,  30-db  separation  was 
usually  maintained  on  instruments 
in  production  use. 

Operational  Procedure 

With  the  instruments  so  designed 
and  constructed  and  with  calibra¬ 
tions  properly  made,  results  under 
actual  production-shop  operation 
was  used  to  offset  the  severe  line  voltage  fluctuations  encountered  in  industrial  plants  proved  most  gratifying.  The  indi- 
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full-scale  signal  this  value  would 
be  0.3  degree,  and  for  one-fifth  of 
full-scale  signal  thi's  value  would 
be  2.9  degrees. 

A  voltage-regulated  power  sup¬ 
ply  to  the  limiter  maintains  the  lim¬ 
iter  output  constant  in  amplitude. 
Thus  we  have  an  output  wave  con¬ 
stant  in  amplitude  and  with  les.s 
than  3  degrees  error  in  phase  angle 
over  a  factor  of  10  variation  of  in¬ 
put  signal  amplitude.  If  the  instru¬ 
ment  is  calibrated  for  phase  angle 
at  one-third  of  full-scale  meter 
reading,  the  angular  error  in  de¬ 
termining  unbalance  location  from 
this  cause  is  within  ±li  degrees 
from  one-fifth  df  full  scale  to  twice 
full-scale  indication. 


Strobotron  and  Oscillator 


To  trigger  the  strobotron  tube, 
a  single  sharp  pulse  is  most  desir¬ 
able.  This  is  easily  obtained  by 
differentiating  the  square  wave. 
The  0.0005-^f  capacitor  and  1-meg- 
ohm  resistor  combination  comprise 
the  approximate  differentiating  net¬ 
work.  However,  to  avoid  the  forma¬ 
tion  of  both  sharp  positive  and 
sharp  negative  pulses  which  may 
produce  double-frequency  firing  of 
the  strobotron,  the  0.005-/if  capaci¬ 
tor  is  used  in  the  plate  circuit  of 
the  limiter  to  round  off  one  side  of 
the  square  wave. 

A  relay  operated  by  a  foot  switch 
may  be  used  to  change  control  of 
the  firing  of  the  strobotron  from 
the  unbalance  signal  to  a  fixed-fre¬ 
quency  signal  from  a  local  oscil- 


Instnunant  tabU  and  iront  panel  of  gyro  balancer.  Speed-checking  itrobotron  la  in 
Icunp  housing  oboee  gyro  rotor.  Pushbuttons  L  and  R  at  lower  left  determine  which 
end  of  rotor  is  checked,  and  buttons  at  center  control  range  of  meter 


hance  the  production  use  of  the  in¬ 
strument. 

The  phase-adjusting  network  fol¬ 
lowing  the  meter  circuit  makes  the 
necessary  calibrating  provision  for 
synchronizing  ttie  instant  of  strob¬ 
otron  flash  with  the  location  of 
unbalance  on  the  rotating  gyro 
wheel.  This  network  provides  a  50- 
degree  adjustment  of  electrical 
phase  angle  but  in  so  doing  adds  a 
transmission  loss  of  17  db.  The 
loss  through  the  network,  however, 
is  constant  within  ±1  db  as  the 
phase  angle  is  changed  through  the 
total  50-degree  range. 

Final  Amplifier  and  Limiter 

The  signal  at  this  point  is  again 
about  one  volt  rms  for  full-scale 
meter  reading,  and  is  essentially  a 
sinusoidal  voltage  which  may  vary 
by  more  than  a  factor  of  10  over 
the  useful  range  of  unbalance  posi¬ 
tion  indication,  which  is  from  about 
1/5  of  full  scale  to  about  a  factor  of 
2  beyond  full-scale  meter  reading. 
Accordingly,  some  means  must  be 
provided  for  flashing  the  strobo¬ 
tron  consistently  with  a  high  de¬ 
gree  of  phase-angle  accuracy  in 
spite  of  this  large  variation  of  sig¬ 
nal  amplitude.  This  function  is  ac¬ 
complished  by  the  final  amplifier 
and  limiter-differentiator. 

The  final  amplifier  and  its  output 
transformer  serve  only  to  supply 


a  very  large  signal  to  the  limiter 
stage ;  together  they  produce  a  volt¬ 
age  gain  of  about  42  db.  Thus  for 
one-volt  input,  about  125  volts  ap¬ 
pears  at  the  limiter  grid.  The  lim¬ 
iter  is  of  more  or  less  conventional 
design  and  is  arranged  to  utilize 
only  about  1.25  volt  of  the  signal  at 
its  grid.  The  output  wave  form  will, 
therefore,  be  a  flat-topped  wave  on 
which  the  electrical  angular  dis¬ 
tance  represented  by  the  vertical 
portion  of  the  wave  may  be  consid¬ 
ered  to  be  approximately  sin'* 
1.25/1.25  or  0.6  degree.  For  twice 
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cation  of  unbalance,  both  as  to 
magnitude  and  position  for  both 
sides  of  the  rotor,  can  be  obtained 
by  an  average  operator  in  five  to 
ten  seconds,  and  actually  occupies  a 
very  minor  part  of  the  total  bal¬ 
ance  procedure.  A  new  rotor  is  in¬ 
serted  in  the  instrument  by  the  op¬ 
erator,  brought  up  to  speed,  and 
checked  for  unbalance.  This  data 
can  be  recorded  on  a  pad,  but  is 
usually  remembered  by  a  good  oper¬ 
ator.  The  rotor  is  then  removed 
from  the  instrument,  inserted  in  a 
fixture  on  an  adjacent  drill  press, 
drilled,  cleaned  using  an  air  duster, 
and  reinserted  in  the  instrument. 
This  complete  process  is  repeated 
as  many  times  as  necessary  (usu¬ 
ally  three  or  four)  until  the  desired 
degree  of  balance  accuracy  is  at¬ 
tained.  This  entire  procedure  is 
accomplished  in  two  minutes  time 
on  the  average,  including  the  sev¬ 
eral  drillings  and  instrument  indi¬ 
cations. 

Initially  the  drill  press  was  pro¬ 
vided  with  two  independent  set¬ 
tings,  one  of  w'hich  could  be  set  to 
the  scale  or  range  letter  and  the 
other  to  the  balance  number  on  the 
meter  dial,  j  This  predetermined 
the  depth  to  which  the  drill  would 
cut,  so  that  with  a  standard  drill 
size  and  point  shape,  the  operator 
could  remove  the  proper  amount  of 
material.  It  was  found,  however, 
that  if  the  operator  was  allowed  to 
exercise  her  own  skill,  she  could 
perform  this  operation  much  faster 
and  with  no  more  error.  In  addi¬ 
tion,  the  psychology  of  the  uncer¬ 
tainty  involved  greatly  aided  in  in¬ 
creasing  her  interest  in  the  job  and 
enhanced  development  of  skill  in 
rapidly  making  a  judgment  of  the 
amount  of  material  to  be  removed. 

In  training  new  operators,  each 
w'as  provided  with  a  small  gage  on 
which  were  drilled  five  impressions 
corresponding  to  proper  amounts  of 
material  to  be  removed  for  unbal¬ 
ance  readings  of  B7,  C7,  D7,  E7, 
and  F7.  By  visual  reference  to  this 
standard,  the  operator  could  judge 
the  amount  to  be  drilled  out,  and  in 
about  a  week’s  time  would  develop 
skill  to  the  point  where  she  no 
longer  needed  the  gage. 


The  sum  effect  of  items  1,  2  and 
3  results  in  a  maximum  error  from 
these  sources  of  perhaps  2  percent 
or  4  cycles.  The  effect  of  this  on 
item  4  results  in  an  uncertainty  of 
unbalance  position  indication  of 
=t4  degrees.  Adding  to  this  the 
error  of  item  5  gives  a  maximum 
uncertainty  of  7  degrees,  although 
statistically  it  would  be  unusual  for 
all  errors  to  add  simultaneously  in 
this  fashion.  Practically,  maximum 
uncertainty  was  well  within  the 
rt6  degree  criterion  originally  set 
for  the  total  of  all  such  errors. 

The  balance  accuracy  which  can 
be  attained  on  a  rotor  is  not  limited 
by  the  above  Errors  nor  does  it  de¬ 
pend  on  the  operator’s  skill.  These 
affect  only  the  speed  with  which  the 
balancing  is  performed.  The  un¬ 
balance  on  any  production  rotor 
could  be  reduced  to  10  micro-ounce- 
inches;  with  selected  rotor  pivots 
and  bearings  this  could  be  reduced 
to  3  or  4  micro-ounce-inches.  Some 
rotors,  with  exceptionally  accurate 
rotor  pivots,  were  actually  balanced 
to  1  or  2  micro-ounce-inches.  Tests 
on  such  rotors  indicated  that  the 
balancing  instrument  could  main¬ 
tain  a  sensitivity  of  1  micro-ounce- 
inch,  better  than  a  rotor’s  physical 
stability  for  this  magnitude. 

The  maximum  useful  range  of 
the  balancer  is  from  1  to  20,000 
micro-ounce-inches.  An  experi¬ 
enced  operator  can  easily  effect  a 
balance  on  a  rotor  with  an  initial 
20,000  unbalance  down  to  the  pro¬ 
duction  limit  of  20  micro-ounce- 
inches  or  less  in  the  order  of  two 
minutes.  The  best  operators  could 
easily  maintain  this  speed  and  could 
average  200  rotors  per  day  per  ma¬ 
chine  while  actually  operating  the 
machine  only  45  minutes  each  hour 
to  avoid  fatigue.  The  operator  hold¬ 
ing  the  record  for  the  greatest  num¬ 
ber  of  gyros  balanced  in  one  day 
turned  out  over  350  rotors. 

This  amazing  speed  on  so  precise 
an  operation  is  of  course  partly  due 
to  the  design  of  the  instrument  and 
2  degrees  phase  shift  per  percent  the  conveniences  for  the  operator 

■equency  deviation.  included  for  its  use.  However,  a 

(5)  The  phase-angle  error  ver-  major  portion  of  the  success  was 

IS  unbalance  magnitude.  On  this  due  to  the  excellence  of  depart- 

;sign,  the  practical  maximum  er-  mental  supervision  and  to  the  in- 

)r  from  this  source  was  within  3  dustry,  zeal,  and  enthusiasm  with 

‘grees  phase  shift  over  the  useful  which  an  unusually  outstanding 

inge  when  making  calibration  at  group  of  girls  tackled  a  tough  war- 

ill-scale  meter  reading.  time  assignment. 
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Suspension  cmd  pickup  assembly  used  in 
final  design  of  balancer 


Accuracy  Attained 

The  speed  with  which  rotor  bal¬ 
ance  can  be  attained  depends  pri 
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R-F  Inductance  Meter 


Two  r-f  oscillators,  one  with  unknown  L  in  series  and  the  other  with  standard  C  in  par¬ 
allel,  are  tuned  to  zero  beat.  Value  of  unknown  inductance  at  selected  test  frequency  is 
then  read  directly  on  scale  of  capacitor  with  accuracy*  within  1  percent  for  1  J*h  to  100  mh 


Wheeler  Lahoratories.  /nr. 
Great  yeck,  Ifeu!  York 


This  direct-reading  r-f  induc¬ 
tance  meter  is  designed  for 
quickly  and  accurately  measuring 
inductance  of  a  radio  coil.  Errors  in 
readings  are  within  about  one  per¬ 
cent  of  the  observed  value  for  the 
rated  range  of  inductance,  which  is 
unusuaHy  close  when  applied  to  one- 
tenth  of  full  scale.  This  tolerance  of 
error  is  based  on  the  usual  types  of 
radio  coils  with  fairly  small  inher¬ 
ent  capacitance  and  at  least  a  mod¬ 
erately  high  rati*  of  reactance  to 
resistance. 

The  measurement  of  small  capaci¬ 
tance  is  a  valuable  byproduct  use 
of  the  instrument.  It  is  direct-read¬ 
ing  in  terms  of  the  difference  of  two 
scale  readings,  and  its  errors  are 
only  those  of  the  precision  capacitor 
included  in  the  inductance  meter. 
This  measurement  is  made  at  radio 


Front  panol  of  r-i  inductance  meter.  Plug-in  standard  inductances  are  stored  in  rack 
oboTe  meter,  not  shown 


frequencies  whose  values  are  chosen  dicator.  Each  oscillator  contains  a 
for  convenience  and  reliability.  resonant  circuit  with  fixed  induc¬ 
tance  L,  and  fixed  capacitance  C.. 
One  oscillator  also  has  a  calibrated 
variable  capacitor  C  connected  in 
parallel.  The  other  has  provisions 
for  connecting  unknown  inductance 
L  in  series. 

With  the  standard  capacitor  C 
at  its  reference  value  (taken  as 
zero*  and  the  unknown  inductor 
L  on  short-circuit,  the  two  oscilla¬ 
tors  are  tuned  to  resonance  by  a  fine 
adjustment.  Then  the  unknown  L 
is  inserted  and  the  standard  C  is 
increa.sed  to  restore  zero-beat.  The 
latter  condition  satisfies  the  equa¬ 
tion  of  resonance  of  the  two  oscil¬ 
lators:  (L  +  LJC„  =  (C  +  Co)Lo. 
From  this  the  calibration  formula  is 
derived,  giving  L  =  CLJCo.  The 
factor  LJCo  is  adjusted  to  be  a  deci¬ 
mal  multiplier,  and  the  .scale  of  C 
is  direct-reading  in  micromi- 


■•at-Not*  Circuit 

The  block  diagram  in  Fig.  1 
shows  the  arrangement  of  the  in¬ 
ductance  meter.  Two  similar  oscil¬ 
lators  are  tuned  to  the  same  fre¬ 
quency  by  observing  a  zero-beat  in- 
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FIG.  1 — Block  diagram  of  direct-reading  radio-irequency  inductance  meter 
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crofarads,  so  the  value  of  the  un¬ 
known  L  is  obtained  merely  by 
shifting  the  decimal  point. 

The  circuit  of  the  r-f  oscillator 
and  buffer  amplifier  is  given  in  Fig. 
2.  The  two  oscillators  and  ampli¬ 
fiers  are  alike  except  for  the  differ¬ 
ences  in  the  tuned  circuit,  one  in¬ 
cluding  the  standard  capacitance  C 
and  the  other  the  unknown  induc¬ 
tance  L.  The  standard  inductors 
Lo  are  the  pair  of  plug-in  coils,  one 
for  each  oscillator,  whose  values  are 
equal  to  the  maximum  inductance 
of  each  range.  Each  oscillator  has  a 
regulator  circuit  which  limits  the 
amplitude  of  oscillation  to  a  suitable 
value  for  the  buffer  amplifier. 

The  beat-note  circuit  is  given  in 
Fig.  3.  Direct-current  coupling  of 
the  amplifier  to  the  rectifier-meter 
combination  provides  response 
down  to  very  lo\v  frequencies.  The 
full-wave  rectifier  causes  the  meter 
pointer  to  vibrate  at  double  the 
beat  frequency. 

The  response  curves  of  the  meter 
are  shown  in  Fig.  4.  The  curve  of 
Fig.  4A  shows  the  wide  peak  ob¬ 
tained  while  tuning  one  oscillator 
past  the  frequency  of  the  other, 
and  the  curve  of  Fig.  4B  is  an  en¬ 
largement  of  the  valley  near  zero 
beat. 

The  zero-beat  indicator  gives  es¬ 
sentially  a  wide  peak  having  a  nar¬ 
row  valley  in  the  center.  The  width 
of  the  peak  is  ±5,000  cycles  from 
the  center,  so  it  cannot  be  passed  in 
quick  tuning.  The  width  of  the  val¬ 
ley  is  ±100  cycles,  the  pointer  vi¬ 
brations  are  within  ±10  cycles,  and 
the  dead  spot  in  the  center  is  within 
±1  cycle.  The  wide  peak  is  used  to 
find  the  narrow  valley,  after  which 
the  dead  spot  gives  a  reliable  indi¬ 
cation  of  zero  beat. 

This  indicator  has  been  found 
well  adapted  for  use  by  nontechnical 
personnel.  It  cannot  be  overloaded 
in  normal  use.  Being  visual,  it 
neither  causes  nor  suffers  from 
noise  in  the  laboratory  or  factory. 

Test  Frequencies 

The  choice  of  test  frequencies 
which  are  best  adapted  for  the  usual 
radio  coils  in  the  respective  decades 
of  the  inductance  range  is  a  compro¬ 
mise  which  fortunately  is  not  too 
critical.  The  final  selection  is  in¬ 


fluenced  also  by  the  stability  of  Co 
and  Lo  and  by  convenience  in  the 
use  of  the  decimal  values. 

The  basic  value  of  the  inductance 
of  a  simple  coil  in  open  space  is  de¬ 
termined  by  the  magnetic  energy  in 
the  vicinity  of  the  coil  but  outside 
the  cross-section  of  the  conductor 
itself.  If  a  shield  can  is  used,  this 
space  is  confined  to  the  inside  of  the 
shield.  The  inductance  would  have 
this  basic  value  if  the  coil  and  shield 
were  made  of  perfect  conductors, 
and  its  actual  value  is  not  much  dif¬ 
ferent  at  the  higher  radio  frequen¬ 
cies. 

The  resistance  of  the  wire  and  the 
shield  causes  an  increase  in  the  ac¬ 
tual  or  apparent  inductance  of  the 
coil,  in  proportion  to  the  magnetic 
energy  which  is  allowed  to  pene¬ 
trate  inside  of  either  conductor  and 
outside  of  the  shield  to  the  sur¬ 
rounding  space.  The  internal  capac¬ 
itance  increases  only  the  apparent 
inductance,  by  virtue  of  the  ap¬ 
proach  to  self-resonance. 


The  magnetic  energy  in  the  wire 
increases  the  inductance  by  a  con¬ 
stant  amount  at  low  frequencies, 
and  by  a  decreasing  amount  at 
higher  frequencies.  The  transition 
occurs  at  the  frequency  where  the 
skin  depth  is  one-fourth  the  wire 
diameter*  if  the  wires  are  well  sepa¬ 
rated,  and  at  a  slightly  lower  fre¬ 
quency  if  they  are  close  together. 
In  the  case  of  fine  wire,  such  as  in 
stranded  (Litz)  conductors  or  in 
multilayer  coils,  this  effect  is  con¬ 
stant  at  all  frequencies  up  to  the 
operating  frequencies,  so  it  causes 
no  error  in  inductance  measure¬ 
ments  at  lower  frequencies.  In  a 
coarse  wire,  such  as  the  conductors 
of  a  transmission  line,  this  effect 
varies  slowly  with  frequency  as  gov¬ 
erned  by  the  skin  effect,  so  a  meas¬ 
urement  at  a  lower  frequency  is 
subject  to  a  slight  error  relative  to 
the  operating  frequency. 

A  perfect  shield  decreases  the  in¬ 
ductance  by  a  substantial  amount, 
while  the  imperfection  of  the  shield 


FIG.  2 — Circuit  tor  one  of  the  oscillators  with  its  buffer  amplifier.  Both  are  identical 
except ‘for  the  tank  circuits;  one  has  the  standard  capacitance  in  parallel,  and  the 
other  hcs  the  unknown  inductance  in  series  as  shown  at  left 


FIG.  3 — Circuit  of  beat-note  detector,  amplifier,  rectifier,  and  0-1  ma  d-c  indicator 
serving  the  pair  of  r-f  oscillators 
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fig.  4 — Response  of  sero-beat  indiccrtor  is 
shown  at  A,  and  enlarged  riew  of  Talley 
near  sero  beat  appears  at  B 


conductor  causes  a  relative  increase. 
As  the  frequency  is  lowered,  the  in¬ 
ductance  increases  gradually  as  gov¬ 
erned  by  the  skin  effect  in  the 
shield,  then  rapidly  as  the  conduc¬ 
tive  shielding  fails,  and  finally  ap¬ 
proaches  the  value  of  the  inductance 
without  the  shield. 

The  internal  capacitance  causes 
the  apparent  inductance  to  increase 
rapidly  as  the  frequency  approaches 
self-resonance  in  the  coil.  This  is 
the  factor  which  makes  impossible 
the  direct  measurement  of  induc¬ 
tance  by  a  single  observation  at  the 
operating  frequency. 

The  best  frequency  for  a  direct 
measurement  of  inductance,  with 
least  error  from  all  causes  com¬ 
bined,  should  be  much  lower  than 
the  frequency  of  self-resonance  but 
much  higher  than  the  frequency  of 
shield  failure.  Fortunately  these 
two  frequencies  are  usually  far 
apart.  Three  decades  is  a  typical 
separation  in  the  case  of  small  coils 
in  shield  cans,  operating  around 
1  me. 

The  internal  capacitance  is  the 
most  typical  characteristic  for  small 
radio  coils,  since  it  is  determined 
mainly  by  the  size,  the  leads,  and 
the  terminals.  The  typical  range  of 
internal  capacitance  is  within  10 
Hid,  so  the  inductance  meter  is 
standardized  for  about  5  jn/xf  with 
a  tolerance  of  ±5  /ijuf  to  maintain 
the  rated  limits  of  error. 

Since  there  are  many  causes  of 
error  and  it  is  desired  to  hold  the 
total  error  within  one  percent,  the 
test  frequencies  are  chosen  low 
enough  so  that  rtS  /i/xf  causes  less 
than  drO.25  percent  error.  In  other 
words,  the  unknown  inductance 
would  resonate  at  the  test  frequency 


with  more  than  2,000  /x/xf  capaci¬ 
tance,  so  the  test  frequency  is  about 
1/20  the  frequency  of  self-reso¬ 
nance,  or  lower. 

Sansitivity  of  Mcosuroment 

The  5,000-division  continuous  lin¬ 
ear  scale  is  available  only  in  the 
precision  capacitor,  as  distin¬ 
guished  from  the  inductor  and  the 
resistor.  Therefore  the  capacitor  is 
the  ideal  variable  standard  in  any 
system  of  measurement,  and  espe¬ 
cially  in  a  direct-reading  system. 


FIG.  5 — Examples  oi  small  values  of 
capacitance  and  inductance,  shown  actual 
sise  here,  that  con  be  measured  with  the 
r-f  inductance  meter 


The  inductance  meter  is  a  simple 
way  of  utilizing  the  capacitor  to 
read  directly  in  proportion  to  the 
unknown  inductance. 

By  making  the  test  at  the  highest 
frequency  permissible  for  each  dec¬ 
ade  of  the  inductance  range,  it  is 
possible  to  take  full  advantage  of 
the  long  scale  of  5,000  divisions  for 
1,000  /x/xf,  by  reading  to  about  i  di¬ 
vision  or  0.1  /x/xf. 

In  the  first  three  decades  (up  to 
1  mh),  the  test  frequency  is  above 
100  kc  sa  it  is  possible  to  take  ad¬ 
vantage  of  the  low  range  of  the  pre¬ 
cision  capacitor,  having  50  divisions 
per  /x/xf,  or  the  equivalent  of  50,000 
divisions  for  full  scale.  This  refine¬ 
ment  is  available  only  for  a  range  of 
4,000  divisions.  Therefore  it  is  use¬ 
ful  for  absolute  measurements  only 
to  8  percent  of  full  scale. 

By  the  addition  of  fixed  capaci¬ 
tors  in  parallel,  this  expanded  scale 
becomeg  available  for  differential 
tests  of  coils  nearly  alike.  By  this 
method,  any  inductors  within  the 
range  of  1  /xh  to  1  mh  can  be  com¬ 
pared  to  within  1/5,000  of  their 
values,  or  0.02  percent.  Any  larger 
inductors  up  to  100  mh  can  be  com¬ 
pared  on  the  standard  scale  within 
1/500  of  their  values,  or  0.2  per¬ 
cent. 

Examples  of  the  absolute  sensi¬ 
tivity  of  this  instrument,  which  is 
attained  by  the  long  scale  and  the 
beatnote  comparison  at  radio  fre¬ 
quencies,  are  given  in  Fig.  5.  These 
diagrams  are  shown  actual  size. 

The  capacitance  C  is  a  small  an¬ 
tenna  inserted  in  the  capacitance 
terminal.  Its  value  is  1  /x/xf,  which 
is  5  divisions  on  the  regular  scale  or 
50  divisions  on  the  expanded  scale. 

The  inductance  L  is  a  small  loop 
of  heavy  wire  connected  to  the  in¬ 
ductance  terminals.  As  compared 
with  a  short-circuit  (a  large  flat 
disc  at  the  dotted  line)  the  induc¬ 
tance  is  0.02  /ih,  corresponding  to 
10  divisions  on  the  regular  scale  or 
100  divisions  on  the  expanded  scale. 

By  indicating  inductance  values 
on  the  expanded  scale  of  a  precision 
capacitor  and  using  r-f  oscillators 
with  a  zero-beat  indicator,  an  in¬ 
ductance  meter  is  obtained  which 
has  an  unusual  degree  of  absolute 
and  differential  stability  as  well  as 
high  accuracy. 
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Built-in  and  outdoor  antennas  for  f-m  reception,  front-end 
and  i-f  circuit  arranjjements.  and  demodulation  systems 
are  discussed  in  this  symposium.*  Included  is  a  useful 
method'  of  testing  an  antenna  hy  comparing  the  voltage 
delivered  at  the  receiver  to  the  voltage  obtained  from  a 
reference  antenna 


SHORT-WM/E 

ANTENNA 


FIG.  1 — Simpls  combination  antonna 
coTorinq  one  f-m  band  and  short  wares 


F-M  Reception  Problems  I  < 


which  the  sets  are  used  are  lar^e 
compared  with  the  wavelength.  The 
dimensions  of  the  rooms  in  which 
sets  are  used,  and  even  the  dimen¬ 
sions  of  the  radio  cabinets,  are  com¬ 
parable  with  the  wavelength. 
Therefore,  large  standing  wave  pat¬ 
terns  are  frequently  found  to  exist, 
and  small  differences  in  the  position 
of  the  radio  set  within  a  room,  or 
even  the  position  of  people  moving 
within  the  room,  may  make  a  rela¬ 
tively  large  difference  in  the 
received  signal  strength. 

This  means  that  the  performance 
of  built-in  antennas  is  variable,  and 
one  type  may  perform  well  in  a  par¬ 
ticular  location  while  another  type 
will  perform  better  somewhere  else. 
In  most  metropolitan  locations  the 
signals  are  strong  enough  that  these 
problems  are  completely  cared  for 
by  the  limiter  of  a  sensitive 
receiver. 


A  simple  built-in  i-m  antenna  is  a  folded  dipole  made  of  300-ohm  twin  lead  and 
tacked  to  the  back  of  the  cabinet  as  in  this  Hallicrafter  receirer 


Ooeble  Antenea 

Figure  1  shows  one  type  of  built- 
in  antenna.  It  is  a  dipole  con¬ 
structed  of  wire  and  fitted  to  the 
inside  of  a  console.  The  arms  of 
the  dipole  are  bent  or  folded  so  that 
they  will  fit  into  a  cabinet  of  reason¬ 
able  size.  The  antenna  shown  in 
this  figure  also  includes  a  length  of 
wire  used  for  shortwave  reception. 
This  wire  is  isolated  from  the  dipole 
by  means  of  a  choke  having  high 
impedance  to  the  f-m  frequencies 
and  relatively  low  impedance  to  the 
short-wave  frequencies.  The  re¬ 
ceiver  has  separate  input  circuits 


proposition.  This  means  that  al¬ 
though  some  rural  areas  as  well  a.s 
some  outlying  towns  and  villages 
w’ill  be  served,  the  majority  of 
listeners  will  be  relatively  close  to 
the  transmitters,  where  high  field 
strengths  prevail.  For  this  reason 
it  is  feasible  to  provide  built-in  an¬ 
tennas  in  f-m  receivers  and  to 
expect  them  to  operate  satisfactorily 
in  most  installations. 

Built-in  antennas  for  f-m  sets  in¬ 
volve  some  problems  that  are  not 
found  in  standard  broadcast  sets. 
This  is  so  because  the  buildings  in 


The  average  user  of  an  f-m 
broadcast  receiver  has  a  right 
to  expect  that  the  installation  and 
operation  of  his  set  should  be  no 
more  complicated  than  for  the 
standard  broadcast  set  he  bought 
ten  years  ago. 

Since  receivers,  like  population, 
are  concentrated  in  cities  and 
towns,  and  f-m  transmitters  are 
being  located  at  the  centers  of  these 
concentrations,  f-m  coverage  is  es¬ 
sentially  a  ' metropolitan  or  urban 


•From  papers  presentwl  before  the  Chloajro 
Section  and  the  Iiidinnapolis  Section  of  IKE 
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fig.  X — Circuit  for  a  lino-cord  antenna 
tnitoble  for  reception  of  f-m  tiqnoli 


FIG.  3 — Mechanical  arrangement  of  antenno  elementi  for  reception  on  both  the  old 

and  the  new  bonds 


and  Their  Solution 


for  f-iri  and  shortwave,  and  these 
are  tied  together  at  the  antenna  ter¬ 
minals  by  means  of  a  network  which 
prevents  undue  loading  of  one  cir¬ 
cuit  by  the  other. 

Another  form  of  built-in  antenna 
is  shown  in  Fig.  2.  This  is  the  fa¬ 
miliar  line-cord  antenna  adapted  to 
f-m  reception.  Since  one  side  of 
the  line  cord  must  be  bypassed  to  re¬ 
duce  line  noise  in  the  broadcast 
section  of  the  receiver,  it  is  essen¬ 
tially  the  signal  voltage  between  the 
two  conductors  of  the  line  cord 
which  is  used  as  input  to  the  f-m 
circuits. 

In  some  locations  the  cabinet  di¬ 
pole  will  work  better,  and  in  other 
locations  the  line-cord  antenna  will 
work  better.  Since  they  are  inex¬ 
pensive,  both  can  be  provided  in  a 
console  f-m  set  and  the  user  may 
select  the  one  which  works  better 
in  his  location.  Table  model  radios 
are  generally  too  small  to  accommo¬ 
date  the  cabinet  dipole,  and  for  this 
application  the  line-cord  antenna 
is  preferable.  Both  of  these  anten¬ 
nas  provide  good  reception  on  the 
low  and  high  f-m  bands. 

Both  P-M  Bands 

In  outlying  districts  where  built- 
in  antennas  do  not  give  satisfactory 
performance,  a  several-fold  im¬ 
provement  may  be  had  by  using  a 
simple  outdoor  antenna  with  low- 
loss  leadin.  Figure  3  illustrates  such 
an  antenna  which  works  satisfac¬ 
torily  on  both  the  old  and  the  new 
f-m  bands.  This  antenna  consists  of 


a  100-mc,  half-wave  folded  dipole 
fitted  with  extension  arms  that 
build  up  the  length  to  a  half  wave¬ 
length  at  45  me. 

The  efficiency  of  the  antenna  is 
somewhat  better  on  the  low  band 
than  on  the  high  band.  If  low-fre¬ 
quency  f-m  broadcasting  should  be 
discontinued  or  the  band  changed, 
the  extension  rods  can  be  discarded  ' 
and  the  antenna  will  function  with 
full  efficiency  on  the  high  band  only. 

With  an  outdoor  antenna  the  per¬ 
formance  is  much  less  variable 
than  with  a  built-in  antenna.  It 
becomes  meaningful  to  measure  the 
performance  and  obtain  curves 
showing  the  effect  of  frequency  over 
the  band  in  which  we  are  interested. 
There  are  several  characteristics  of 
antennas  that  permit  critical  meas¬ 
urements  for  the  purpose  of  com¬ 
parison.  For  example,  it  is 
important  in  television  antennas 
that  the  impedance  closely  match 
the  impedance  of  the  transmission 
line  at  all  the  operating  frequencies. 
This  measurement  may  be  ex¬ 
pressed  by  a  curve  of  impedance 
against  frequency,  standing-wave 
ratio  of  reflection  coefficient,  or 
attenuation  due  to  mismatch.  An¬ 
tennas  may  also  be  measured  in 
terms  of  their  directional  patterns 
or  signal  gain. 

For  f-m  service,  impedance 
matching  is  not  a  major  considera¬ 
tion.  It  is  quite  satisfactory  to  test 
an  antenna  in  terms  of  voltage  de¬ 
livered  to  the  receiver.  In  doing 
this  it  is  convenient  to  compare  the 
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voltage  with  that  obtained  from  a 
standard  or  reference  antenna.  The 
common  reference  is  a  resonant 
half-wave  dipole.  The  setup  for 
making  this  test  may  be  of  interest, 
and  Fig.  4  shows  the  method  used 
in  obtaining  a  curve  for  the  two- 
band  antenna  just  shown. 

Test  Technique 

Tests  are  made  using  the  antenna 
for  receiving.  At  each  frequency 
an  arbitrary  field  is  set  up  by  a 
third  antenna  connected  to  an  os¬ 
cillator  some  distance  away.  The 
reference  antenna  is  then  adjusted 
to  resonant  length,  placed  in  the 
test  position,  and  the  voltage  Vi 
delivered  to  the  matched  load  is 
noted.  The  reference  antenna  has 
an  impedance  of  approximately  70 
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better  still,  the  crystal  mixer,  are 
extremely  quiet;  however,  stage 
gains  less  than  unity  are  common 
using  these  mixers,  and  a  quiet  first 
i-f  stage  amplifier  tube  is  required 
if  either  is  used. 

The  oscillator  stability  and  tun¬ 
ing  accuracy  requirements  for  an 
f-m  receiver  are  considerably 
greater  than  for  an  a-m  broadcast 
receiver.  The  a-m  receiver  must  be 
tuned  within  about  ±2  kc  in  a 
1,000-kc  band  (or  the  dial  must  be 
set  to  about  =t0.2  percent)  if  no¬ 
ticeable  distortion  is  to  be  avoided. 
The  f-m  receiver  must  be  tuned 
within  about  ±20  kc  in  a  20-mc 
band,  or  about  ±0.1  percent.  The 
oscillator  must  be  stable  to  within 
about  two  parts  per  thousand  in  the 
standard  band,  and  to  about  two 
parts  per  10,000  in  the  f-m  band. 

AFC  Circuit 

The  nature  of  the  oscillator  sta¬ 
bility  and  tuning  accuracy  prob¬ 
lems  make  the  use  of  automatic  fre¬ 
quency  control  on  the  f-m  band  at¬ 
tractive.  If  the  oscillator  and  mix¬ 
ing  functions  are  performed  in 
separate  tubes,  afc  can  be  provided 
by  adding  a  few  resistors  and  capac¬ 
itors,  and  by  using  a  dual-triode 
tube  as  the  oscillator  and  reactance 
tube.  Such  a  system  is  used  in 
several  Hallicrafters  home  receiv- 


(400  kc),  and  a  correction  of  about 
five  to  ten  times  on  the  oscillator 
mistuning  can  be  realized.  Under 
these  conditions,  the  afc  operation 
prevents  the  receiver  from  repro¬ 
ducing  the  two  spurious  responses, 
which  occur  on  each  side  of  the 
desired  response  points  in  a  re¬ 
ceiver  without  afc. 

I'F  Amplifier 

The  i-f  amplifier  in  an  f-m  re¬ 
ceiver  is  required  to  produce  a 
major  part  of  the  total  gain  and  the 
selectivity  of  the  receiver.  The  se¬ 
lectivity  is  usually  made  as  great  as 
possible  without  harmful  effects 
upon  the  signal;  that  is,  when  the 
f-m  signal  swings  back  and  forth 
on  the  curve  of  the  i-f  selectivity 
characteristic,  the  result  is  ampli¬ 
tude  modulation.  The  limiter  or 
detector  must  be  able  to  remove  this 
a-m  and  restore  the  signal  to  its 
original  form  to  avoid  distortion  in 
the  audio  output.  At  the  same 
time,  a  small  amount  of  phase  dis¬ 
tortion  is  produced  due  to  the  non¬ 
linear  phase  characteristic  of  the 
i-f  amplifier  when  the  sidebands  of 
the  signal  are  too  far  from  the  cen¬ 
ter  frequency  in  terms  of  the  band¬ 
width  of  the  amplifier.  As  a 
practical  matter,  the  amplitude 
variations  in  a  typical  i-f  amplifier 
are  far  more  troublesome  than  the 


In  the  most  popular  design  for 
i-f  amplifiers,  the  bandwidth  of  the 
amplifier  is  made  about  equal  to  the 
total  deviation.  This  seems  to  in¬ 
clude  an  adequate  allowance  for 
error  in  tuning,  oscillator  drift,  and 
other  factors  in  a  well  designed  re¬ 
ceiver.  Each  i-f  transformer  con¬ 
sists  of  a  pair  of  tuned  circuits 
coupled  to  slightly  less  than  critical 
coupling,  so  that  normal  variations 
in  coupling  can  be  allowed  in  pro¬ 
duction  without  some  transformers 
being  over-coupled. 

It  is  the  usual  practice  to  make 
the  Q  of  the  primary  equal  to  that 
of  the  secondary,  since  the  pass- 
band  is  too  narrow  to  allow  any  ap¬ 
preciable  improvement  in  gain  with 
practically  obtainable  ratios  of  Q. 
Moreover,  unequal  values  of  Q  for 
the  primary  and  secondary  cause 


ers.  lack  of  linearity  of  the  phase  char-  piG.  8— A  txined-grid  oscillator  and  afc 

A  circuit  of  this  type  is  shown  in  acteristic.  reactance-tube  circuit 

Fig.  6.  The  plate  of  the  oscillator 
is  capacitance  coupled  to  the  grid 
and  plate  of  the  reactance  tube.  The 
resultant  voltage  on  the  grid  of  the 
reactance  tube  is  shifted  in  phase 
approximately  45  degrees  by  re¬ 
sistor  i?„  capacitor  C.,  and  the  ca¬ 
pacitance  from  the  reactance  tube 
grid  to  ground.  This  voltage  is 
then  amplified  by  the  reactance  tube 
according  to  the  value  of  direct 
voltage  on  its  grid  and  appears  as 
a  current  in  the  oscillator  plate 
feedback  winding,  shifted  in  phase 
from  the  oscillator  plate  current 
by  about  135  degrees.  The  d-c 
component  of  the  output  of  the  fre¬ 
quency  detector  can  be  used  as  the 
control  voltage  applied  to  the  grid 
of  the  reactance  tube. 

The  slope  of  the  reactance-tube 
characteristic  can  be  adjusted  so 
that  the  afc  system  takes  hold  and 
releases  within  the  frequency  limit  FIG.  5 — RacaWer  Toltage  for  a  two-bond  antonna  with  300-ohm  lino  fooding  into  a 

of  the  next  adjacent  local  channel  SOO^hm  input  compored  with  a  matchod-impodance  resonant  dipole 
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FIG.  4 — Method  oi  comparing  the  two-bcmd  antenna  against  o  resonant  dipole 


ohms,  the  transmission-line  charac¬ 
teristic  impedance  is  70  ohms,  and 
the  load  impedance  is  70  ohms.  The 
load  consists  of  the  input  attenuator 
of  a  field  intensity  meter. 

The  antenna  under  test  is  then 
substituted  for  the  reference  an¬ 
tenna  at  the  test  position.  Since 
the  receiver  for  which  this  antenna 
was  designed  has  an  input  imped¬ 
ance  of  300  ohms,  300-ohm  trans¬ 
mission  line  is  used  and  the  field  in¬ 
tensity  meter  input  is  built  up  with 
resistors  to  match  the  300-ohm  line. 
When  this  is  done  the  field  intensity 
meter  input  circuit  duplicates  an 
ideal  receiver  input,  but  the  voltage 
indicated  by  meter  V.  is  equal  to 
only  70/300  of  the  voltage  delivered 
to  the  receiver. 

By  comparing  readings  \\  and  F* 
of  the  field  intensity  meter,  the  per¬ 
formance  of  the  antenna  under  test 
is  related  to  the  performance  of  the 
standard  antenna.  Here  it  is  as¬ 
sumed  that  the  power  delivered  to 
the  receiver  by  the  standard  an¬ 
tenna  is  the  maximum  power  avail¬ 
able  from  the  antenna  under  test, 
and  the  fraction  of  the  available 
power  actually  obtained  is  a  figure 
of  merit  for  the  antenna.  Since  re¬ 
ceiver  measurements  are  made  in 
terms  of  voltage  rather  than  power, 
it  is  the  square  root  of  this  figure 
or  the  voltage  ratio  K  which  is  ac¬ 
tually  used. 

After  this  measurement  has  been 
made  at  a  number  of  frequencies,  a 
performance  curve  can  be  plotted. 
This  is  shown  in  Fig.  5.  In  judging 


this  curve,  it  should  be  borne  in 
mind  that  the  reference  antenna  has 
been  readjusted  in  length  for  each 
frequency.  Plotted  in  this  same 
manner,  a  simple  dipole  of  fixed 
length  would  show  considerable  se¬ 
lectivity  while  a  simple  folded  dipole 
would  be  relatively  broad  and  com¬ 
parable  to  the  low-band  perform¬ 
ance  curve  shown.  If  the  extension 
arms  of  the  two-band  antenna  were 
removed,  the  high-band  curve  would 
look  very  similar  to  the  low-band 
curve  as  plotted,  but  the  low-band 
curve  would  suffer  seriously. 

Experience  indicates  that  built-in 
antennas  of  the  line-cord  and 
cabinet  dipole  types  give  satisfac¬ 
tory  set  operation  at  practically 
every  location  in  the  Chicago  metro¬ 
politan  area  on  either  the  low  or 
high  bands.  At  distances  of  about 
forty  miles,  a  simple  outdoor 
antenna  becomes  useful  in  many 
installations;  and  at  greater  dis¬ 
tances,  approaching  the  nominal 
service  area  limit,  the  outdoor  an¬ 
tenna  is  required  in  all  but  excep¬ 
tionally  good  locations. 

R-F  and  l-F  Circuits 

In  considering  the  circuit  ele¬ 
ments  between  the  antenna  termi¬ 
nals  and  the  output  of  the  i-f  ampli¬ 
fier,  it  must  be  noted  that  the  best 
distribution  of  gain  in  an  f-m  re¬ 
ceiver  is  determined  largely  by 
noise  considerations.  A  certain 
amount  of  noise  is  produced  by 
thermal  agitation  in  the  antenna 
circuit.  If  the  maximum  signal-to- 


noise  ratio  is  attained  in  the  an¬ 
tenna  circuit  and  the  amount  of 
noise  added  in  later  stages  is  very 
small  compared  to  that  in  the  an¬ 
tenna  circuit,  the  signal-to-noise 
ratio  of  the  receiver  can  be  made  to 
approach  (as  a  maximum)  the  ratio 
established,  in  the  antenna  circuit.' 

The  maximum  antenna  stage  gain 


is  0.5\/Z,i/Zi  where  0.5  accounts  for 
matching  to  the  source  impedance; 
Zi  is  the  impedance  into  which  the 
antenna  transformer  works,  and  Z, 
is  the  source  or  transmission-line 
impedance.  It  is  assumed  that  the 
impedance  of  the  secondary  of  the 
antenna  transformer  is  consider¬ 
ably  greater  than  the  input  loading 
of  the  tube,  which  is  usually  the 
case,  in  a  receiver  using  an  r-f 
stage. 


Input  Stag* 


The  r-f  amplifier  tube  is  chosen 
primarily  on  the  basis  of  low  input 
conductance,  low  noise,  fairly  high 
mutual  conductance,  low  grid-to- 
plate  capacitance,  and  low  cost.  In 
an  a-m/f-m  receiver,  signal¬ 
handling  ability  with  avc  applied 
may  be  an  important  consideration. 
Since  these  factors  are  not  com¬ 
bined  in  any  single  tube,  the  final 
choice  represents  a  compromise. 

The  maximum  stable  r-f  stage 
gain  in  a  variable-capacitor  tuned 
stage  having  a  solid  rotor  shaft  is 
about  10  times.  If  the  antenna 
and  r-f  circuits  are  isolated  from 
each  other  as  in  permeability-tuned 
receivers,  somewhat  greater  r-f 
stage  gains  can  be  safely  realized. 

The  amount  of  r-f  stage  gain  re¬ 
quired  depends  upon  the  relative 
amounts  of  noise  at  the  r-f  tube  grid 
and  the  mixer  grid.  If  the  same 
type  of  tube  is  used  as  r-f  amplifier 
and  converter,  the  mixer  tube  noise 
voltage  is  approximately  two  times 
the  r-f  amplifier  tube  noise.  To 
avoid  any  substantial  decrease  in 
the  signal-to-noise  ratio,  therefore, 
a  gain  greater  than  five  times  is 
required  in  the  r-f  amplifier  stage. 

The  noise  voltage  developed  in 
a  mixer  tube  depends  largely  upon 
the  type  of  tube  used  and  its  mutual 
conductance.  Of  the  commonly  used 
types  of  mixer  tubes,  the  pentagrid 
converter  is  the  noisiest,  the  pen¬ 
tode  is  less  noisy  (and  frequently 
a  good  compromise)  and  the  triode 
is  the  quietest.  The  diode,  and 
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Ratio  dotoctor  ayttom  ior  an  i-m  rocoiTor  omploying  a  tranaionner  haring  a  tertiary 

winding 


tubes  to  furnish  maximum  gain. 
Lower  priced  receivers  often  employ 
a  single  limiter,  which  results 
mainly  in  a  loss  of  overall  sensi¬ 
tivity  and  a  limitation  of  the  range 
of  signal  levels  over  which  ampli¬ 
tude  modulation  is  fully  suppressed. 

The  main  factors  considered  in 
the  selection  of  proper  constants  for 
the  discriminator  include  an  ad¬ 
justment  of  the  primary  to  second¬ 
ary  coupling  and  circuit  Q  to  pro¬ 
vide  the  optimum  degree  of  line¬ 
arity  throughout  the  working 
range  of  the  detector.  Circuits  em¬ 
ploying  either  variable  capacitance 
or  variable  inductance  tuning  have 
been  developed. 

The  limiter-discriminator  combi¬ 
nation  has  the  advantages  of  being 
unaffected  by  modulation  variations 
within  the  operating  range  of  the 
limiter  and  of  being  relatively  non- 
critical  in  so  far  as  discriminator 
linearity  and  balance  are  concerned. 
It  has  the  disadvantages  of  requir¬ 
ing  a  high  gain  before  the  limiter 
and  of  a  broadening  selectivity 
characteristic  with  increasing  sig¬ 
nal  level. 

Ratio  Detector 

Due  to  the  inherent  ability  of  the 
ratio  detector  to  suppress  ampli¬ 
tude  modulation  at  comparatively 
low  input  levels,  it  offers  a  desirable 
opportunity  to  those  who  wish  to 
incorporate  reception  facilities  at 
a  minimum  cost.  This  characteris¬ 
tic  is  particularly  advantageous  in 
those  receivers  employing  common 
r-f  and  i-f  amplifier  tubes  for  both 
the  a-m  and  f-m  channels  and  has 
led  to  the  production  of  complete 
a-m/f-m  receivers  incorporating  as 
few  as  seven  tubes.  If  the  ratio  de¬ 


tector  is  properly  designed  these  rc; 
ceivers  can  provide  acceptable  per¬ 
formance.  Unfortunately,  many  of 
them  do  not  suppress  amplitude 
modulation  or  provide  low  distor¬ 
tion  levels. 

One  chief  requirement  for  the 
proper  suppression  of  amplitude 
modulation  is  careful  balancing  of 
the  two  diode  circuits.  The  use  of 
bifilar  secondary  windings  of  high 
Q  and  a  proper  choice  of  circuit  con¬ 
stants  can  produce  very  beneficial 
results  in  this  respect.  The  required 
linearity  for  low  distortion  is  not 
difficult  to  obtain  with  a  well  bal¬ 
anced  circuit,  but  many  production 
sets  suffer  due  to  excessive  selec¬ 
tivity  ahead  of  the  detector.  The 
i-f  selectivity  often  varies  due  to 
regeneration  or  coupling  coefficients 
not  controlled  in  low-cost  receivers, 
resulting  in  high  downward  modu¬ 
lation  during  wide  frequency 
swings  and  considerable  distortion. 

These  difficulties  with  the  ratio 
detector  can  be  overcome  provided 
a  careful  design  is  made  and  a  high 
degree  of  quality  control  is  exer¬ 
cised  in  production.  The  chief  ad¬ 
vantage  of  the  system  is  its  ability 
to  suppress  amplitude  modulation 
at  lower  signal  levels  than  is  possi¬ 
ble  with  limiter  sets. 

The  main  disadvantages  are  the 
problem  of  handling  high  percent¬ 
ages  of  downward  modulation,  pro¬ 
duced  by  multipath  signals  and  ex¬ 
cessive  selectivity,  and  the  fact  that 
avc  voltages  must  be  applied  to  sev¬ 
eral  high-frequency  stages  with  the 
possibility  of  shifting  their  tuning 
and  the  symmetry  of  the  selectivity 
characteristic. 

These  disadvantages  can  be  over¬ 
come  to  a  great  degree  if  the  audio 


Simpliiied  circuit  of  the  kx;k-in  oscillator 
and  quadrature  detector  combination 

output  requirements  for  the  de¬ 
tector  are  reduced  and  provided 
enough  i-f  stages  can  be  employed 
to  allow  the  use  of  high  grid  circuit 
capacitances  in  the  amplifier  cir¬ 
cuits  which  are  automatically  bi¬ 
ased. 

Loekod-in  Oscillator 

The  locked-in  oscillator  operates 
in  a  manner  similar  to  the  double 
limiter  arrangement  throughout  the 
lock-in  range  of  the  oscillator,  but 
it  may  distort  badly  when  the  sig¬ 
nal  level  drops  below  the  lock-in 
threshold.  It  has  been  employed  by 
one  manufacturer  commercially 
and  in  several  forms  experimen¬ 
tally,  such  as  the  use  of  a  submulti¬ 
ple  oscillator  to  convert  to  narrow 
band  f-m  before  detection  and  the 
use  of  combined  oscillator-detector 
circuits. 

In  general  the  advantages  and 
disadvantages  are  of  the  same  gen¬ 
eral  nature  as  those  of  the  limiter 
system.  An  important  considera¬ 
tion  is  the  necessity  for  eliminating 
any  extraneous  frequency  or  phase 
modulation  of  the  locked-in  oscilla¬ 
tor  by  filament,  screen  or  plate  volt¬ 
age  variations. 

The  locked-in  oscillator  has  the 
inherent  capability  of  being  less 
susceptible  to  interference  than  any 
of  the  three  systems  described,  but 
practically  its  entire  performance 
depends  on  the  degree  to  which  the 
oscillator  can  stay  ideally  locked  to 
the  desired  signal. 
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Receiver  circuit  with  a  doubl*  limitur  and  a  discriminator.  Capacitor  yaluss  in  MMf 

unless  otherwise  noted 


Asymmetry  of  the  amplitude  and 
phase  characteristics  when  either 
primary  or  secondary  is  detuned 
relative  to  the  other  circuit. 

The  gain  of  the  i-f  amplifier  is 
usually  made  as  high  as  cost  and 
stability  considerations  will  per¬ 
mit.  If  maximum  sensitivity  is  to 
be  realizetf,  an  optimum  value  seems 
to  be  enough  gain  to  assure  satura¬ 
tion  of  the  limiter  (or  a  comparable 
noise  value  at  the  ratio  detector). 
This  allows  satisfactory  reception’ 
of  any  signal  which  is  of  sufficient 
intensity  to  overcome  the  noise 
voltage  at  the  limiter  or  ratio  detec¬ 
tor.  A  margin  of  about  10  db  over 
the  i-f  gain  required  to  produce 
this  saturation  by  noise  is  needed 
to  insure  maximum  performance 
■under  all  conditions. 

Maximum  stable  stage  gains  may 
be  computed  by  means  of  a  for¬ 
mula  given  below.*  It  is  usually  ad¬ 
visable  to  limit  the  stage  gain  to 
somewhat  less  than  one-half  of  the 
calculated  value  for  safety. 

A  (multiply  A  by  1/Vn 

yuCpt 

for  n  stages)  where  A  =  maximum 
stage  gain,  p*  is  in  micromhos,  o> 
is  in  radians  per  second,  and  C„  is 
the  effective  plate-to-grid  capaci¬ 
tance  in  farads. 

High-Copacitanc*  Grid  Circuit 

There  is  one  departure  from  con¬ 
ventional  i-f  transformer  design 
that  has  been  developed  recently. 
The  usual  value  of  tuning  capaci¬ 
tance  on  an  i-f  transformer  primary 
or  secondary  is  about  50  /ipf  or  less. 
The  input  capacitance  of  the  com¬ 
monly  used  tubes  varies  about  2  /ijitf 


when  the  grid  voltage  is  varied 
from  the  normal  bias  value  to  cut¬ 
off.  This  means  that  impulse-noise 
voltages  on  the  last  i-f  amplifier 
tube  or  limiter  tube  .can  produce 
detuning  of  the  i-f  transformer  sec¬ 
ondary,  and  thereby  introduce  phase 
distortion  in  the  signal.  The  lim¬ 
iter  removes  most  of  the  amplitude 
modulation  of  the  carrier  due  to 
the  noise  pulse,  but  it  cannot  re¬ 
move  the  phase  distortion.  Remark¬ 
able  improvements  -in  signal-to- 
noise  ratio  have  been  reported  when 
the  secondary  tuning  capacitances 
in  the  last  i-f  and  limiter  grid  cir¬ 
cuits  were  increased. 

The  gain  of  a  double-tuned  i-f 
stage  is  inversely  proportional  to 
the  square  root  of  the  product  of 
the  values  of  the  tuning  capaci¬ 
tances.  This  suggests  that,  since 
the  tube  output  capacitance  is  sub¬ 
stantially  constant,  the  stage  gain 
obtained  from  a  symmetrical  trans¬ 
former  can  be  duplicated  with  only 
the  output  capacitance  and  strays 


tuning  the  prhnary,  and  the  sec¬ 
ondary  capacitance  increased  by 
the  same  ratio  by  which  the  pri¬ 
mary  capacitance  was  decreased. 
It  is  desirable  to  keep  the  Q  of  the 
primary  equal  to  that  of  the  sec¬ 
ondary. 

Three  types  of  wide-band  f-m  de¬ 
tector  systems  have  appeared  in 
production  receivers  since  the  war, 
namely — the  limiter-discriminator 
combination,  the  ratio  detector  and 
the  locked-in  oscillator.  For  prac¬ 
tical  considerations,  it  seems  best 
to  evaluate  these  systems  in  terms 
of  the  overall  performance  of  the 
various  receivers  in  which  they  are 
employed.  However,  the  detector  is 
often  blamed  unjustly  for  the  poor 
performance  of  receivers  in  which 
cost  considerations  have  led  to  sac¬ 
rifices  throughout  the  complete  cir¬ 
cuit.  All  of  the  systems  mentioned 
have  certain  disadvantages  as  well 
as  their  own  peculiar  advantages. 
Any  of  above  systems  can  be  made 
to  perform  quite  satisfactorily. 

The  Limiter-Discriminator 

It  has  become  customary  to  em¬ 
ploy  two  grid-plate  limiters  in  cas¬ 
cade  in  the  more  elaborate  receivers 
using  this  system.  The  parameters 
for  each  limiter  are  adjusted  so  that 
the  maximum  range  of  linearity 
without  appreciable  change  of  out¬ 
put  level  is  realized.  Grid  circuit 
constants  are  chosen  to  provide  a 
low  time  constant  for  optimum  lim¬ 
iting  of  impulse  noises. 

Since  adequate  gain  must  be  pro¬ 
vided  ahead  of  the  limiters  to  real¬ 
ize  full  action  at  low  antenna  input 
levels,  they  are  usually  preceded  by 
two  i-f  stages,  a  mixer,  and  one  r-f 
stage,  preferably  with  separate 
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Input-ontput  characteristic  oi  a  sensitiTe  limiter-type  receiver  which  shows  that 
practically  flat  response  may  be  obtained  without  the  use  of  arc.  The  long  flot 
portion  at  high  signal  levels  indicates  ability  to  handle  downward  modulation.  Curve 
obtained  with  carrier  deviated  it 50  kc  irom  center  frequency  of  detector 

.1 12 


FIG.  1 — External  appearance  of  the  carrier-operated  relay.  Shown  on  panel 
are  the  antenna  terminale,  micro-relay,  tuning  gontrol.  and  (at  bottom)  eeneitiTity 
■witch,  automatic  reset  switch  and  lack  lor  heodphone  monitoring 


FIG.  2 — Close-up  riew  of  Weston  micro¬ 
relay.  which  closes  on  2  microamperes 
d-c,  supplied  by  tuned  circuit  and  crystal 


monitoring  but  which  will  sound 
an  alarm  when  the  carrier  disap¬ 
pears  for  any  period  longer  than 
a  second  or  so;  a  ringing  device 
for  radiotelephone  circuits  to  re¬ 
mote  locations  having  limited 
power  resources,  such  as  fire 
towers;  a  switch  for  turning  on 
any  remotely  located  electrical  de¬ 
vice  (transmitter,  receiver,  photo¬ 
electric  illumination  control,  and 
others)  when  the  periods  of  opera¬ 
tion  are  so  widely  spaced  that 
standby  power  is  of  economic  im¬ 
portance. 

Relay  SpecificatioRS 


The  most  sensitive  device  available 
is  the  meter-type  relay  which  closes 
a  circuit  by  magnetic  attraction  be¬ 
tween  contacts  on  the  meter  pointer 
and  the  pointer  stop.  One  such  me¬ 
ter-relay,  the  Weston  model  813, 
closes  with  a  current  of  2  microam¬ 
peres  through  a  1000-ohm  coil, 
which  represents  the  minute  power 
consumption  of  0.004  microwatt. 
It  will  carry  a  contact  current  of 
50  milliamperes,  which  is  more  than 
sufficient  to  actuate  a  rugged  power 
relay. 

Expressed  in  voltage,  the  relay 
will  close  with  2  millivolts,  d-c. 
Combined  with  a  silicon  or  germa¬ 
nium  crystal  rectifier,  such  a  relay 
will  respond  to  an  r-f  excitation  of 
from  5  to  15  millivolts,  depending 
on  the  detection  efficiency.  Since 
a  100-watt  transmitter  will  pro¬ 
duce  a  10-millivolt-per-meter  field 
at  about  5  miles,  under  ground- 
wave  conditions,  or  at  vastly 
greater  distances  when  skywaves 
are  called  into  play,  it  would  ap¬ 
pear  that  such  sensitivity  would 
serve  in  many  applications. 

Among  the  uses  to  which  such 
a  carrier-operated  relay  might  be 


WHENEVER  it  is  necessary  to 
control  a  relay  at  a  remote 
unattended  location  (a  problem 
which  often  arises  in  communica¬ 
tions  and  industrial  technology), 
the  supply  of  standby  power  as¬ 
sumes  importance.  If  power  is 
available,  a  relay  controlled  by  a 
continuously  operating  radio  re¬ 
ceiver  suffices,  but  the  reliability 
of  such  a  system  is  always  in  some 
question  because  of  possible  fail¬ 
ure  of  power  supply  or  tubes.  If  a 
high  degree  of  reliability  is.  re¬ 
quired,  and  if  power  is  at  a  pre¬ 
mium,  a  wire  control  circuit  is 
often  pressed  into  service  despite 
its  high  initial  cost. 

Several  months  ago  it  occurred 
to  the  writer  that  the  reliability 
and  economy  offered  by  the  wire 
circuit  could  be  achieved  by  radio 
control,  provided  that  all  standby 
power  were  eliminated  in  the  re¬ 
ceiver  and '  sufficient  sensitivity 
achieved  to  permit  operation  at 
reasonably  long  distances. 

The  combination  of  a  crystal  de¬ 
tector  and  a  sensitive  microam¬ 
meter-type  relay  suggested  itself 
as  a  possible  solution  to  the  prob- 


The  device,  as  finally  constructed, 
responds  to  antenna  current  with  a 
sensitivity  of  approximately  10 
millivolts,  r-f,  and  tunes  over  the 
broadcast  and  medium  frequency 
spectrum  from  700  to  2,300  kc.  This 
frequency  range  was  selected  be¬ 
cause  of  the  desire  to  test  on  sky- 
wave  signals,  and  because  many 
high-powered  transmitters  occupy 
this  region.  Operation  at  30  or  40 
me  is  equally  feasible,  merely  by 
changing  the  coils,  and  is  perhaps 
preferable  when  the  effects  of  in- 


lem.  Accordingly  available  relays 
of  this  type  were  investigated. 


put  are:  a  carrier-failure  alarm 
which  requires  no  power  while 


terference  are  considered.  The  de¬ 
vice  consumes  no  power  whatever 
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Remote  Control  Relay 

Consuming  zero  standby  power,  microsensitive  relay  responds  directly  to  the  current  in 
a  receiving  antenna,  closing  on  8  to  10  millivolts,  r-f.  Useful  in  many  applications  at 
unattended  locations  or  as  a  carrier-failure  alarm 


By  DONALD  G.  FINK 


while  in  the  standby  condition. 
The  final  control  is  exercised  by  a 
power  relay  with  10-ampere  con¬ 
tacts,  which  draws  four  watts  of 
coil  current  when  actuated  from 
a  115-volt  line. 

The  microsensitive  relay  closes 
through  magnetic  attraction,  and 
it  remains  closed  until  reset.  Since 
unattended  operation  is  required, 
an  automatic  thermal  resetting  ar¬ 
rangement  is  provided.  When  the 
relay  is  actuated,  it  remains  closed 
for  from  10  to  60  seconds,  and 
then  automatically  resets  to  the 
standby  position.  If  the  control 
carrier  is  present  continuously,  the 
device  continues  to  recycle  until 
the  carrier  is  removed,  thus  pro¬ 
viding  a  recurring  closure  parti¬ 
cularly  suitable  to  ringing  appli¬ 
cations.  The  device  may  also  be 
reset  manually  and  the  reset  mech¬ 
anism  may  be  disconnected  if  it  is 
desired  that  the  relay  remain 
closed  after  the  initial  actuation. 

By  adjustment  of  the  tension  of 
the  meter-relay  coil  spring,  the 
microsensitive  relay  may  be  oper¬ 
ated  with  contacts  normally  open 
or  normally  closed.  In  the  nor- 
mally-open  position,  the  relay 
remains  inactive  until  the  control 
carrier  signal  appears.  In  the 
normally-closed  position,  with  the 
rectifier  polarity  rever.sed,  the 
relay  is  held  open  by  the  presence 
of  the  carrier,  and  closes  (actuat¬ 
ing  the  power  relay)  only  when  tlje 
carrier  is  interrupted. 

Since  signals  of  widely  varying 
strength  may  be  encountered,  a 
sensitivity  control  must  be  pro¬ 
vided.  This  is  an  adjustable  shunt 
across  the  sensitive  relay  which 
reduces  its  sensitivity  by  a  factor 
of  10,  100  or  1000  times.  A  jack  is 
provided  so  that  the  station  tuned 


in  can  be  identified  by  listening 
with  headphones. 

In  designing  the  r-f  portion  of 
the  carrier-operated  relay,  a  choice 
had  to  be  made  between  sensitivity 
and  selectivity.  It  was  decided  to 
design  for  maximum  sensitivity, 
which  implies  loading  the  tuned 
circuit  with  the  low  (1,000-ohm) 
resistance  of  the  meter-relay  coil. 
This  heavy  loading  reduces  the 
overall  Q  of  the  two-circuit  tun¬ 
ing  system  to  about  7.  Conse¬ 
quently  the  resonance  curves  (Fig. 
5)  display  a  width  of  about  100  kc 
at  6  db  down  at  650  ke,  which  is 
not  sufficient  to  separate  stations 
in  the  broadcast  band.  This  is  not 
a  disadvantage  if  the  control  sig¬ 
nal  is  substantially  stronger  than 
those  of  adjacent  stations,  which 
is  ordinarily  the  case  when  the  de¬ 
vice  is  used  as  a  carrier  alarm. 


For  operation  at  a  fixed  fre¬ 
quency  a  larger  number  of  tuned 
circuits  might  also  be  employed  to 
increase  the  selectivity,  although 
such  a  system  would  be  difficult  to 
track  over  an  extended  tuning 
range. 

CeastructioB  and  Circuit 

The  external  appearance  of  the 
carrier-operated  relay  is  shown  in 
Fig.  1.  The  pointer  of  the  meter- 
relay  can  be  viewed  as  a  tuning 
indicator.  In  operation,  the  sensi¬ 
tivity  switch  (bottom,  left)  is  set 
to  the  minimum  position  and  the 
tuning  dial  set  to  the  frequency  of 
the  control  signal.  The  sensitivity 
switch  is  then  rotated  clockwise 
until  the  meter  pointer  swings  and 
the  magnetic  contact  points  (Fig. 
2)  close.  If  the  reset  switch  (bot¬ 
tom,  center)  is  in  the  upper  posi- 


FIG.  3 — Circuit  diagram  of  the  remote  control  deYice.  An  a-c  operated  power  relay 
(at  bottom),  actuated  by  the  micro-relay,  closes  when  the  signal  is  receiTed  or 
remoyed.  A  thermal  contact  resets  the  relay  after  10  to  60  seconds 
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*  FREOOCNCY  IN  KILOCYCLES 

FIG.  4 — S*iuittTlt7  cunra,  showing  input 
r-i  Yollage  roquirod  to  actuoto  roloy  at 
Torious  iroquoncios  iiom  700  to  2.300  kc. 
Othor  iroquoncy  ranges  can  be  accommo¬ 
dated  with  the  some  sensitiTity 

tion,  the  relay  remains  closed  in¬ 
definitely  until  the  magnetic  con¬ 
tacts  are  separated  by  manually 
operating  the  reset  armature  to 
the  right  of  the  relay.  If  the  reset 
switch  is  in  the  down  position,  the 
thermal  reset  comes  into  play  and 
the  relay  is  reset  automatically  by 
the  solenoid.  The  relay  thereafter 
remains  inactive  until  the  carrier 
again  appears.  If  the  carrier  is 
still  present,  the  relay  recloses 
cyclically  until  the  carrier  is  re¬ 
moved. 

The  circuit  diagram  is  shown  in 
Fig.  3.  The  tuning  system  consists 
of  two  ganged  0.00035  /if  capaci¬ 
tors,  tuning  the  antenna  circuit  in 
series  and  the  secondary  in  paral¬ 
lel.  This  provides  a  low-impedance 
input  (about  50  ohms).  The  coils 
are  universal-wound  pies,  each  the 
secondary  of  a  standard  broad¬ 
cast-band  r-f  antenna  input  trans¬ 
former.  The  coupling  between  the 
two  coils  is  varied  until  maximum 
sensitivity  is  achieved  at  both  ends 
of  the  tuning  range.  The  crystal 
rectifier  is  not  critical.  The  1N34 
germanium  diode  serves  well,  al¬ 
though  somewhat  greater  sensitiv¬ 
ity  (about  25  percent  greater  rec¬ 
tified  current)  may  be  obtained 
from  selected  silicon  crystals  of 
the  1N21  or  1N27  type.  The  0.2  /xf 
bypass  to  ground  adds  about  50 
percent  to  the  rectified  current. 

The  sensitivity  switch  consists 
of  three  resistors  switched  by  a 
two-circuit  rotary  switch.  To  keep 
the  loading  (and  hence  the  select¬ 
ivity)  constant  on  all  positions  of 
the  switch,  a  1,000-ohm  resistor  is 
switched  in  series  when  the  low- 
resistance  shunts  are  across  the 
micro-relay.  If  constant  selectiv¬ 
ity  is  not  desired,  the  sensitivity 
may  be  reduced  by  switching  se- 


FIG.  S — SalectiTity  cunrM  at  Toriout  ir*- 
quenciea.  The  low  salectiTity  is  Inhorent 
in  the  small  numbor  of  tnnod  circuits  and 
ths  hooTV  loading.  Higher  selectiTity  can 
be  obtained  at  some  loss  in  sensitivity 

ries  resistance,  which  will  increase 
the  selectivity  as  the  sensitivity  is 
lowered. 

The  switch  employed  should 
have  positive  action  and  should 
short  over  from  one  contact  to  the 
next  as  it  is  rotated  so  that  the 
micro-relay  is  not  left  unshunted 
between  the  low-sensitivity  posi¬ 
tions.  This  precaution  is  necessary 
when  strong  r-f  signals  are  en¬ 
countered,  since  the  2-microam¬ 
pere  coil  of  the  micro-relay  may  be 
burned  out  by  currents  in  excess  of 
one  milliampere. 

Testing  Sensitivity 

Testing  of  the  r-f  and  micro¬ 
relay  portions  of  the  device  is 
readily  carried  out  with  a  stand¬ 
ard  signal  generator  having  a  low- 
impedance  output.  The  measured 
r-f  input  required  to  close  the 
meter  relay  at  various  frequencies 
is  shown  in  Fig.  4.  A  measurable 
movement  of  the  meter  pointer  can 
be  achieved  with  as  little  as  2  mil¬ 
livolts  r-f  input,  and  the  sensitivity 
of  closing  can  be  increased  by 
setting  the  coil-spring  of  the 
meter  movement  so  that  the 
pointer  rests,  with  no  current  fiow- 
ing,  on  the  1-microampere  scale 
division.  This  adjustment  is  not 
recommended,  however,  since  the 
reliability  is  somewhat  impaired. 

The  power-relay  portioris  of  the 
device  are  shown  at  the  bottom  of 
Fig.  3.  The  micro-relay  contacts 
(repeated  at  the  left  in  the  dia¬ 
gram)  close  the  115-volt  circuit 
across  the  power  relay  coil  (Ad¬ 
vance  type  304B  with  thermal 
reset).  The  power  relay  contacts 
thereupon  close,  applying  the  116- 
volt  circuit  to  an  outlet  receptacle 
at  the  right,  and  operating  inde¬ 
pendent  normally-open  and  nor¬ 


mally-closed  contacts  connected  to 
binding  posts.  When  the  power 
relay  closes,  another  contact  ap 
plies  the  115-volt  circuit  to  the 
thermal  reset,  a  resistance  coil 
wound  on  a  bimetal  strip.  After 
a  period  of  from  10  to  60  seconds 
(adjustable  by  the  setting  of  the 
contact  screw)  the  bimetal  flexes, 
closing  the  115-volt  circuit  to  the 
micro-relay  reset  solenoid,  which 
resets  the  micro-relay.  A  toggle 
switch  in  series  with  this  circuit 
may  be  opened  to  disable  the  reset 
circuit. 

When  used  as  carrier-failure 
alarm,  the  polarity  of  the  crystal 
rectifier  is  reversed,  and  the  ten¬ 
sion  of  the  micro-relay  coil  spring 
is  adjusted,  by  turning  the  screw 
on  the  front  face  of  the  relay 
mount,  until  the  magnet  contacts 
close  solidly  in  the  absence  of  the 
current.  When  no  carrier  is 
present,  the  relay  then  continues 
to  close  and  reset  in  the  normal 
fashion.  When  a  carrier  of  suffi¬ 
cient  strength  is  applied,  the  re¬ 
verse  current  holds  the  micro¬ 
relay  contacts  open  against  the 
tension  of  the  coil  spring  and  the 
meter  remains  in  the  standby  posi¬ 
tion  so  long  as  the  carrier  is 
present  in  sufficient  strength. 
Since  the  time  constant  of  the 
meter  movement,  under  normal 
current  of  2  to  10  microamperes,  is 
of  the  order  of  a  second,  any  in¬ 
terruption  of  the  carrier  of  this 
or  longer  duration  actuates  the  re¬ 
lay,  followed  by  a  reset  at  10  to  60 
seconds. 

The  sensitivity  is  remarkable 
when  judged  by  the  usual  per¬ 
formance  of  crystal-detector  re¬ 
ceivers.  The  relay  will  close  on 
signals  which  are  just  barely  audi¬ 
ble  in  high-sensitivity  (Baldwin- 
type)  headphones.  It  will  close 
solidly  on  the  signal  from  a  50- 
kilowatt  broadcast  station  located 
at  7  miles,  when  a  finger  is 
touched  to  the  antenna  binding 
post.  A  long  aerial  (130-foot  di¬ 
pole)  provides  such  a  high  level 
of  signal  that  selectivity  is  the 
chief  problem.  The  cost  of  the 
parts,  at  current  prices,  is  approx¬ 
imately  50  dollars.  Readers  are 
invited  to  correspond  concerning 
possible  uses  of  the  device  and 
variations  of  the  design  to  meet 
specific  applications. 
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Adjustable-Bandwidth 
F-M  Disciiminatoi 


Use  of  a  cathode  follower  in  place  of  the  pentode  amplifier  normally  used  to  drive  a  Foster- 
Seeley  discriminator  provides  easily  adjustable  bandwidth  control,  output-frequency 
characteristics  complementary  to  the  frequency- voltage  characteristics  of  stabilized  f-m 
microwave  oscillators,  and  freedom  from  critical  adjustments 


By  W.  G.TULLER  and  T.P.  CHEATHAM,  Jr. 

Reaearch  Laboratory  of  Electronics 
ilaaaachuBetta  Institute  of  Technology  , 

Cambridge,  Massachusetts 


IN  THE  COURSE  OF  research  on 
communication  systems,  the 
need  arose  for  a  discriminator  to  be 
used  in  frequency-modulation  re¬ 
ceivers  having  variable  bandwidth. 
Almost  simultaneously  the  mathe¬ 
matical  analysis  of  a  typical 
discriminator  circuit  showed  a  pos¬ 
sibility  of  constructing  a  discrimin¬ 
ator  whose  bandwidth  would  be 
readily  adjustable  by  means  of  a 
tap  switch,  but  whose  output— fre¬ 
quency  characteristics  would  have 
a  shape  independent  (in  normalized 
coordinates)  of  discriminator 
bandwidth. 

This  discriminator  circuit  has 
proved  considerably  more  tolerant 
to  misadjustment  than  conventional 
types,  and  has  four  other  significant 
features:  (1)  the  bandwidth  is  ad¬ 
justable  over  more  than  a  four-to- 
one  range  by  means  of  a  single  tap 
switch;  (2)  the  normalized  output 
voltage-frequency  characteristic  is 
independent  of  bandwidth;  (3)  the 
normalized  output  voltage-fre¬ 
quency  characteristic  may  be  made 
the  complement  of  the  frequency- 
modulating  voltage  characteristic  of 
a  frequency-modulated  stabilized 
microwave  oscillator,  thereby  mak¬ 
ing  possible  very  good  overall  sys¬ 
tem  linearity ;  (4)  the  circuit  is  not 


as  critical  to  slight  mistuning  as 
most  other  discriminators  (particu¬ 
larly  in  mistuning  the  primary). 

The  discriminator  has  three  com¬ 
pensating  undesirable  features:  (1) 
one  additional  high-p„  tube  may  be 
required  as  compared  to  other 
discriminators ;  (2)  sensitivity 

(output  volts  per  megacycle  of  fre¬ 
quency  deviation)  is  an  inverse- 
squared  function  of  bandwidth 
while  peak  output  voltage  is  an  in¬ 
verse  function  of  bandwidth;  (3) 
larger  bandwidths  are  required  for 
a  given  amount  of  distortion  than 


in  the  case  of  the  Foster-Seeley  dis¬ 
criminator. 

Electrical  Circeit 

The  circuit  of  a  typical  cathode- 
driven  discriminator,  given  in  Fig. 
1,  operates  in  the  same  fashion  as 
the  Foster-Seeley'  discriminator  ex¬ 
cept  for  one  important  fact — the 
stage  preceding  the  rectifier  acts 
as  a  constant-voltage  source  (cath¬ 
ode  follower)  instead  of  a  constant- 
current  source  (pentode  amplifier). 
This  in  general  means  that  the  tube 
driving  the  discriminator  may  not 


FIG.  1 — Cathode-driven  discriminator  circuit,  with  volues  oi  components  ior  center 

frequency  of  60  me 
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give  good  limiting  action,  so  that 
the  circuit  may  have  to  be  preceded 
by  a  conventional  limiter. 

The  coils  forming  the  transformer 
in  the  cathode-driven  discriminator 
may  be  coupled,  as  tightly  as  possi¬ 
ble,  since  the  output  of  the  discrim¬ 
inator  is  proportional  to  the  coeffi¬ 
cient  of  coupling  between  them  and 
the  bandwidth  is  independent  of 
this  coefficient.  Circuit  parameters 
given  in  Fig.  1  are  for  operation  at 
a  midfrequency  of  60  me,  and  all 
data  given  were  taken  about  this 
midfrequency. 

TWery  of  Op^ratioa 

An  analysis  of  the  operation  of  a 
cathode-driven  discriminator  is  par¬ 
tially  given  as  an  incidental  part 
of  a  published  analysis’  of  the  Fos¬ 
ter-Seeley  discriminator,  and  the 
results  of  this  analysis  are  of  inter¬ 
est  here.  If  the  detectors  are  linear, 
the  output  voltage  as  a  function  of 
circuit  parameters  is 
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where  B%  «  d-c  output  voltage 

y  ■■  rectification  efficiency  of 
rectifiers 


Ei  X  Peak  r-f  voltage  across  trans¬ 
former  primary 

a  »  QtK  "ylln/Li 
Qt  ■■  loaded  Q  of  transformer 
seconcbiy 

K  ~  coefficient  of  coupling 
Lt  «  inductance  tnuuformer 
primary 

Li  »  inductance  of  transformer 
secondary 
F  ~2B/U 

B  >■  deviation 
fm  ^  midfrequency 


Each  radical  in  Eq.  1  represents 
the  output  of  one  of  the  two  half¬ 
wave  rectifiers.  The  expression  may 
be  simplified  to 
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Now  if  the  detectors  are  square-law 
instead  of  linear,  the  effect  on  Ea.  2 
is  simply  to  remove  each  radical, 
leaving 
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From  this  expression  it  is  apparent 
that  a  plot  of  E^/y^^a.  as  a  function 
of  Q,F  or,  since  F  =  2S//„,  as  a 
function  of  Q»B,  should  be  independ¬ 
ent  of  Qa.  The  effect  of  a  change  in 
Qt  will  be  to  produce  a  proportional 
change  in  the  peak  amplitude 
reached  by  E,  since  a  depends  di¬ 


rectly  on  Qa,  and  to  change  Av„  the 
peak-to-peak  bandwidth  of  the  dis¬ 
criminator,  inversely  with  Q.  since 
the  output  will  be 'a  maximum  for 
a  given  value  of  QJB  independent 
of  Qh  The  curve  given  by  Eq.  3  is 
identical  with  the  voltage-frequency 
characteristic  of  microwave  dis¬ 
criminators,  and  hence  complemen¬ 
tary  to  the  frequency — ^voltage 
characteristic  of  a  frequency-modu¬ 
lated  microwave  oscillator  stabi¬ 
lized  by  such  a  discriminator*.  As 
can  be  seen  from  a  comparison  of 
Eq.  2  and  3,  the  use  of  linear  detec¬ 
tors  instead  of  square-law  makes 
the  shape  of  the  output-frequency 
characteristic  somewhat  dependent 
on  the  value  df  «,  and  hence  on  the 
Q  of  the  tuned  circuit.  For  small 
deviations  (normalized  with  respect 
to  peak  deviation),  or  for  coeffi¬ 
cients  of  coupling  less  than  unity, 
the  difference  between  linear  and 
square-law  rectifiers  is  negligible. 

ExpcrimMtal  Results 

The  results  obtained  from  the  cir¬ 
cuit  of  Fig.  1  are  shown  graphically 
in  Fig.  2  and  3.  Figure  2  is  a  nor¬ 
malized  plot  of  the  output  voltage — 
frequency  characteristic  of  the 
cathode-driven  discriminator  for 
various  loadings,  in  comparison 
with  two  curves  taken  at  different 
loadings  on  a  Foster-Seeley  dis¬ 
criminator.  The  shape  of  the  char¬ 
acteristic  of  the  Foster-Seeley  dis- 


FIG.  2  (l*ft) — Voltage-frcqusncy  charactsristics  ei  conventional 
and  cathode-driven  Foeter-Seeley  discriminators,  showing  that  the 
cathode-driven  discriminator  is  independent  of  loading 


FIG.  3  (below) — Variation  ol  bandwidth-load  product  with  band¬ 
width  for  cathode-driven  discriminator,  showing  how  circuit  losses 
provide  lower  limit  to  bondwldth  obtoined 
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FIG.  4  —  Distortion 
curres  ior  cathode- 
driven  discrimina¬ 
tor.  giving  ampli¬ 
tudes  oi  important 
harmonic  compon¬ 
ents  as  function  oi 
ratio  oi  frequency 
deviation  to  peak- 
to-peak  bandwidth 
of  discriminotor 


criminator  is  a  critical  function  of 
loading  and  coupling,  optimum 
e  damping  being  somewhere  between 
the  no-load  condition  (circuit  losses 
correspond  to  3,200-ohm  shunt  re¬ 
sistor)  and  loaded  condition  (equiv¬ 
alent  shunt  resistance  of  760  ohms) 
in  the  case  studied.  The  normalized 
curves  for  the  cathode-driven  dis¬ 
criminator,  however,  are  independ¬ 
ent  of  loading  within  experimental 
error,  as  shown  in  Fig.  2. 

Figure  3  is  a  plot  of  the  product  of 
the  bandwidth  and  load  resistance 
as  a  function  of  the  bandwidth. 
(Table  I  is  included  for  supplemen¬ 
tary  data  not  included  in  Fig.  3.) 
If  the  circuit  Q  were  infinite,  so 
that  all  losses  were  supplied  by  the 
loading  resistor,  this  curve  should 
be  a  straight  line  parallel  to  the 
abscissa  since  in  this  case  Q*'  = 
laLR.  Therefore  where  Au, 

I  is  peak-to-peak  bandwidth,  should 
be  independent  of  R  or  Au». 

In  practice,  circuit  losses  provide 
a  lower  limit  to  the  obtainable  band¬ 
width.  In  the  case  investigated  this 
came  at  1.7  me,  equivalent  to  a 
shunting  resistance  of  3,200  ohms. 
This  resistance  was  assumed  to  be 
included  in  parallel  with  the  various 
load  resistors. 

The  resistance  of  the  parallel  com¬ 
bination  was  computed  for  each 
■  case  and  a  new  curve  plotted 
using  the  calculated  resistance  as 
the  load.  As  is  seen  in  Fig.  3,  the 
I  resulting  curve  is  within  experi¬ 
mental  error  a  straight  line  parallel 
to  the  abscissa.  The  load  resistors 
^  used  were  measured  at  d-c  rather 
than  60  me,  so  that  the  a-c  resist¬ 
ance  of  the  highest-resistance  units 
might  be  expected  to  be  relatively 
lower  than  the  a-c  resistance  of  the 
lower  units  because  of  the  Boella 
effect.  This  might  explain  the  drop¬ 
ping  off  of  the  experimental  points 
for  small  bandwidths. 

I  Adjustment  of  the  cathode-driven 
I  discriminator  to  give  symmetrical 

curves  was  considerably  easier  than 
adjustment  of  the  Foster-Seeley  dis¬ 
criminator  in  all  cases.  This  was 
e.specially  true  with  respect  to  pri¬ 
mary  tuning  in  obtaining  a  sym¬ 
metrical  curve  about  /«. 

DUtertioa 

I  Inasmuch  as  the  cathode-driven 
I  discriminator  is  easy  to  adjust  and 
not  critical  as  to  coupling  coefficient, 

i 

i 


one  might  wish  to  use  it  in  the  de¬ 
tection  of  frequency-modulated  sig¬ 
nals  from  some  linearly  modulated 
source  such  as  a  broadcast  station. 
In  this  application  one  is  interested 
in  the  nonlinearity  of  the  circuit, 
which  will  be  somewhat  greater 
than  that  of  the  Foster-Seeley  dis¬ 
criminator. 

Figure  4  shows  the  amplitude  of 
the  various  important  harmonic 
components  in  the  output  of  the 
cathode-driven  discriminator  as  a 
function  of  the  ratio  of  deviation  of 
incoming  frequency  to  peak-to-peak 
bandwidth  of  the  discriminator. 
These  curves  are  an  extension  of  the 
ones  given  previously  in  an  analysis 
of  microwave  discriminators,*  the 
extension  having  been  carried  out 


TABLE  I— Effect  of  Load 
Resistance  on  Bemdwith 


Physical 

Actual 

Load 

Shunt 

Resistor 

Resistance* 

(ohms) 

(ohms) 

(me) 

00 

3,200 

1.7 

87,000 

3,090 

2.0 

12,000 

2,530  • 

2.5 

5,000 

1,950 

3.0 

3,000 

1,550 

4.0 

1,500 

1,020 

6.0 

1,000 

760 

7.6 

•  Corrected 
resistance. 

for  3,200  ohms 

circuit 

by  twelve-point  schedule  analysis. 
As  is  shown  by  these  curves,  the 
peak-to-peak  discriminator  band¬ 
width  must  be  five  times  the  peak- 
to-peak  deviation  for  1  percent 
third  harmonic  distortion  or  2.5 
times  the  peak-to-peak  deviation  for 
5  percent  third  harmonic  distortion. 
These  figures  compare  with  the  1.7 
ratio  ordinarily  used  in  commercial 
frequency -modulation  receivers. 
The  curves  given  apply  for  square- 
law  detectors.  If  linear  detectors 
are  used,  the  ratio  of  2.5  may  be 
dropped  to  2.1  for  critical  coupling. 
Distortion  is  always  less  with  linear 
than  with  square-law  rectifiers  in 
this  discriminator,  but  is  somewhat 
dependent  on  coupling  at  high  de¬ 
viations. 

This  paper  is  based  in  whole  or  in 
part  on  the  work  done  for  the 
Office  of  Scientific  Research  and  De¬ 
velopment  under  Oontract  OEMsr- 
262  with  the  Massachusettts  Insti¬ 
tute  of  Technology. 
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Rectifier  and 
Capacitive-Input  Filter 


Some  simplifying  assumptions  make  it  possible  to  express  results  in  terms  of  two  general 
parameters.  Data  are  presented  for  tube  angles,  output  voltage,  ripple,  and  peak  tube  cur¬ 
rents.  Filter  resonance,  pulsed  current,  and  continuous  current  operation  are  included 


The  other  special  case  might  be 
called  the  non-cutoff  or  the  continu¬ 
ous-current  case  in  that  each  tube  is 
conducting  180  degrees  and  the  cur¬ 
rent  entering  the  filter  never  cuts 
off  or  drops  to  zero.  The  current  in 
each  tube  is  stopped  by  conduction 
starting  in  the  other  tube,  and  a 
form  of  commutation  between  the 
tubes  is  set  up  in  which  the  current 
switches  from  one  tube  to  the  other 
and  back  again. 

The  main  problem  for  this  second 
special  case  is  not  that  of  finding  y 
which  is  known  to  be  180  degrees, 
but  that  of  finding  the  boundary 
or  dividing  line  betw’een  the  cut-off 
or  pulse-current  and  non-cut-off  or 
continuous-current  cases.  In  the 
analysis  it  was  found  that  the 
boundary  occurred  at  approximately 
mCR  =  0.6  with  the  continuous- 
current  case  occurring  'for  smaller 
values  of  mCR  and  the  pulsed-cur- 
rent  case  for  larger  values  of  wCR. 

Characteristics 

The  characteristics  of  the  cir¬ 
cuit  that  are  of  the  most  use  in  the 
design  of  the  circuit  and  predeter¬ 
mining  its  properties  are  the  tube 
angles,  the  average  output  voltage, 
the  ripple,  the  peak  and  average 
tube  currents,  and  the  peak  inverse 
voltage  on  the  tubes. 

The  angle  y  during  which  the 
tube  conducts  is  presented  in  Fig.  3 
as  a  function  of  <i)*LC  for  various 
values  of  coC/2.  For  a  fixed  value  of 
w’LC  this  angle  varies  from  zero 
degrees  at  open  circuit  (toCi?  in¬ 
finitely  large)  to  180  degrees  for 
the  continuous-current  case  which 
includes  values  of  ioCR  from  ap¬ 
proximately  0.6  to  zero  (short  cir¬ 
cuit).  With  iiiCR  fixed,  the  angle 


y  varies  little  for  values  of  m'LC 
above  ten,  but  for  <d“LC  less  than 
ten  the  variation  is  considerable, 
especially  as  filter  resonance  is  ap¬ 
proached  ({i)*LC  =  0.5).  • 

The  angle  3  at  which  the  tube 
stops  conducting  is  presented  in 
Fig.  4  and  the  manner  of  variation 
is  similar  to  that  for  angle  y.  For 
a  fixed  value  of  m^LC,  angle  3  varies 
from  ninety  degrees  at  open-cir¬ 
cuit  to  180  degrees  for  values  of 
coCi?  from  approximately  0.6  to 
zero  (short  circuit).  The  angle 
%  at  which  the  tube  starts  conduct¬ 
ing  may  be  found  by  the  use  of  the 
relation,  »  =  3  —  7.  Increasing  the 
load  of  the  rectifier  circuit  has  the 
effect  of  increasing  both  angles  3 
and  y,  while  a  is  decreased.  The 
effect  of  approaching  resonance  in 
the  filter  is  similar  in  that  angles 
3  and  y  are  increased,  while  a  is 
decreased. 

One  of  the  most  important  char¬ 
acteristics  of  a  rectifier  circuit  is 
the  average  output  voltage.  This 
voltage  may  be  obtained  from  the 
ratio  of  the  average  output  voltage 
to  the  maximum  value  of  the  sinu¬ 
soidal  voltage  across  one-half  of  the 
transformer  secondary,  The 

ratio  Eic,  is  given  in  Fig.  5  as 
a  function  of  o)*LC  for  various  val¬ 
ues  of  mCR.  For  a  fixed  value  of 
(o’LC,  the  ratio  decreased  from  a 
maximum  of  unity  for  mCR  infin¬ 
itely  large  (open  circuit)  to  0.637 
for  o)C/2  equal  approximately  to  0.6. 
For  values  of  wCft  from  0.6  to 
zero  (short  circuit)  the  continuous- 
current  case  applies,  and  Etr/E„  = 
0.637.  The  voltage  ratio  Et^  E,„ 
varies  little  for  large  values  of 
o>'LC,  but  changes  considerably  as 
co’LC  approaches  the  resonance 


FIG.*  3 — Angle  during  which  the  tube 
conducts 


value  of  0.5.  Both  increasing  the 
load  and  appi’oaching  filter  reso¬ 
nance  have  a  similar  effect,  that  of 
making  the  voltage  ratio  approach 
0.637. 

The  ripple  voltage  across  the  load 
resistor  of  the  rectifier  circuit  is 
another  important  characteristic.  It 
may  be  obtained  from  the  percent 
ripple  r  which  is  defined  as  100 
times  the  ratio  of  the  effective  value 
of  the  fundamental  ripple  voltage 
appearing  across  the  load  resistor 
to  the  average  voltage  E^^  across 
the  same  resistor.  In  practice  only 
the  fundamental  ripple  voltage  is 
sufficiently  large  to  warrant  con¬ 
sideration,  and  for  a  full-wave  cir¬ 
cuit,  the  fundamental  ripple  fre¬ 
quency  is  twice  the  supply  fre¬ 
quency. 

For  large  values  of  (u’LC  and 
h>CR  it  was  found  possible  to  give  a 
partly  empirical  and  partly  theo¬ 
retical  expression  for  the  percent 
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FIG.  1 — Schematic  circuit  oi  the  rectifier 
and  filter 


FIG.  2 — Equiralent  circuits  oi  the  recti¬ 
fier  and  filter.  (A)  tube  conducting;  (B) 
tube  not  conducting 


The  full-wave  rectifier  circuit 
with  a  capacitive-input  filter  is 
probably  the  most  common  of  all 
rectifier  circuits. 

Freeman  and  Terman'  have  made 
an  analysis  of  this  circuit  using  as 
their  chief  assumption  the  idea  that 
the  filter  inductance  was  infinitely 
large.  They  have  presented  curves 
which  could  be  used  in  the  design  of 
the  rectifier  and  filter  circuit,  but 
unfortunately  the  curves  are  valid 
only  at  lighter  loads  and  at  one 
frequency,  that  of  sixty  cycles  per 
second.  Stout”  made  an  analysis 
which  presented  the  waveforms  in 
the  circuit  but  gave  no  characteris¬ 
tic  curves  suitable  for  use  in  de¬ 
sign,  while  Mitchell*  assumed  an 
infinitely  large  inductance  in  his 
analysis. 

This  paper  presents  the  results  of 
an  investigation  made  to  determine 
the  effects  of  a  finite  filter  induct¬ 
ance  on  the  operation  of  the  recti¬ 
fier  and  filter  circuit.  The  results 
may  be  used  in  the  design  of  the 
rectifier  and  filter  circuit  for  any 
frequency  and  with  any  load  from 
open  circuit  to  short  circuit. 

The  analysis  of  the  circuit  was 
made  using  the  newly  developed 


steady-state  operational  calculus*. 
It  was  found  that  approximate 
values  of  the  portion  of  a  cycle  that 
each  tube  was  conducting  would  be 
helpful  in  the  analysis,  and  these 
were  obtained  by  setting  up  the  cir¬ 
cuit  and  observing  the  tube  cur¬ 
rents  by  means  of  a  cathode-ray 
oscilloscope.  With  these  approxi¬ 
mate  values  as  a  starting  point,  the 
.exact  portion  of  each  cycle  that  the 
tube  was  conducting  could  be  de¬ 
termined  from  the  analysis. 

The  schematic  diagram  of  the 
rectifier  and  filter  circuit  is  shown 
in  Fig.  1.  Tube  T,  conducts  during 
the  first  half  cycle  of  the  applied  al¬ 
ternating  voltage  and  charges  capa¬ 
citor  Cl  almost  to  the  peak  value  of 
the  alternating  voltage. 

Current  flows  from  capacitor  C, 
through  the  filter  inductor  L  to 
charge  capacitor  Cj.  The  load  resis¬ 
tor  R  has  the  same  voltage  as  the 
second  capacitor  C,.  During  the 
second  half  cycle  of  the  alternating 
voltage,  the  second  tube  Tj  con¬ 
ducts,  and  capacitor  C,  is  charged 
again  to  repeat  the  process.  The 
filter  may  be  thought  of  as  a  low- 
pass  filter  which  passes  direct  cur¬ 
rent  but  greatly  attenuates  the  al¬ 
ternating  currents. 

Assumptions 

To  make  a  mathematical  analysis 
feasible,  certain  simplifying  as¬ 
sumptions  are  necessary: 

(1)  The  transformer  and  filter- 
inductor  resistance  is  zero.  The 
tube  resistance  is  zero  when  it  is 
conducting. 

(2)  The  leakage  reactance  of  the 
transformer  is  zero. 

(3)  Both  filter  capacitors  have 
the  same  capacitance. 

The  errors  caused  by  the  first  of 
these  assumptions  will  be  corrected 
for  in  a  manner  to  be  described. 

Two  equivalent  circuits  were 


used  as  shown  in  Fig.  2.  When 
the  tube  is  conducting  Fig.  2A  ap¬ 
plies,  while  Fig.  2B  should  be  used 
when  the  tube  is  not  conducting. 
The  equations  for  the  currents  and 
voltages  in  the  circuits  were  set 
up  and  then  solved  by  the  use  of  the 
steady-state  operational  calculus. 
The  solution  showed  that  the  tube 
conduction  angle  y  of  one  tube  de¬ 
pends  only  on  the  two  independent 
variables  a)*LC  and  wCi?  where  a>  is 
2Tt  times  the  supply  frequency,  L 
is  the  inductance  in  henries  of  the 
filter  inductor,  C  is  the  capacitance 
in  farads  of  one  filter  capacitor, 
and  R  is  the  resistance  in  ohms  of 
the  load  resistor.  The  variable 
o)*LC  may  also  be  regarded  as  the 
ratio  of  the  reactance  of  the  filter 
inductor  to  the  reactance  of  one 
filter  capacitor,  while  toCR  is  the 
ratio  of  the  load  resistance  to  the 
reactance  of  one  filter  capacitor. 
The  solution  showed  furthermore 
that  all  characteristics  of  this  rec¬ 
tifier  circuit  depend  on  these  two 
variables  alone. 

Filter  resonance  seems  to  occur 
at  (d*LC  =  0.5,  for  then  the  sum  of 
the  reactances  of  the  two  filter  ca¬ 
pacitors  and  of  the  inductor  is  zero. 
This  assumes  that  the  reactances 
are  calculated  at  the  fundamental 
ripple  frequency  which  is  twice  the 
supply  frequency.  The  problems  of 
practical  importance  at  present  al¬ 
ways  have  a)*LC  greater  than  0.5 
and  for  this  reason  it  was  decided 
to  use  0.6  as  the  lowest  value  of 
a)*LC. 

Two  special  cases  of  the  general 
solution  were  considered  separately 
because  of  the  significance  of  the 
results.  The  first  of  these  is  that 
for  to*LC  infinitely  large  which  im¬ 
plies  that  the  filter  inductance  is 
infinitely  large  and  that  the  cur¬ 
rent  through  the  inductor  has  zero 
ripple. 
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FIG.  7 — ^Ararag*  output  Toltage  lor  w^LC  =  2.0.  The  solid  curro  ia  colculatod.  tho 
circlos  are  uncompenaated  experimental  points,  and  the  crosses  ore  compensated 

experimental  points 


no.  8 — Percent  ripple  roltage  for  =  2.0.  The  other  conditions  are  the  some 

as  illustrated  in  the  graph  oi  Fig.  7 


The  circuit  was  set  up  to  obtain 
experimental  verification  of  the 
foregoing  calculated  results.  Meas¬ 
urements  were  made  with  a  sixty- 
cycle  source  of  alternating  voltage 
and  with  a  filter  having  u>*LC,  =  2.0. 
This  value  of  ta*LC  was  chosen  so 
that  a  large  range  of  taCR  could  be 
obtained.  Filters  with  other  values 
of  tii*LC  were  also  used  with  good 
agreement. 

Exparimaatal  Raiults 

Various  quantities  such  as  aver¬ 
age  output  voltage,  ripple  voltage, 
and  the  tube  angle  t  were  measured. 
Figure  7  shows  the  calculated  and 
experimental  results  for  the  aver¬ 
age  output  voltage  ratio  with  the 
calculated  results  shown  as  a  solid 
curve  and  the  experimental  points 
as  circles.  Agreement  is  good  except 
for  low  values  of  taCR  which  corre¬ 
spond  to  heavy  loads. 

For  heavy  loads  the  resistance 
of  the  rectifier  tube,  transformer, 
and  filter  choke  become  appreciable 
in  comparison  to  the  load  resistance. 
These  resistances  were  measured 
and  were  added  to  the  load  resist¬ 
ance  to  give  an  equivalent  load  • 
resistance.  The  tube  resistance  was 
taken  as  the  voltage  across  the  tube 
at  rated  current  divided  by  the 
rated  load  current  of  the  tube.  The 
average  output  voltage  is  then  the 
product  of  the  average  output  cur¬ 
rent  and  the  equivalent  load  re¬ 
sistance. 

The  new  value  of  a>C/?  is  in¬ 
creased  since  the  equivalent  load 
resistance  is  larger  than  the  load 
resistance  alone.  The  resulting 
compensated  experimental  values 
are  shown  as  crosses  in  Fig.  7,  and 
the  agreement  between  the  experi¬ 
mental  points  and  calculated  curve 
is  quite  good  even  for  heavy  loads 
(small  values  of  mCR). 

Similar  results  for  the  percent 
ripple  are  shown  in  Fig.  8.  Since 
the  percent  ripple  is  inversely  pro¬ 
portional  to  the  average  output  volt¬ 
age,  the  compensated  values  of 
percent  ripple  are  smaller  than  the 
uncompensated  ones.  Again  agree¬ 
ment  between  the  calculated  curve 
and  the  compensated  experimental 
points  is  good. 

The  peak  tube  currents  will  be 
somewhat  in  error  for  high  values 
of  (aCR  even  though  compensation 
is  used.  Equation  3  will  give  some¬ 


what  high  values  of  peak  currents 
in  this  case. 

One  very  common  design  problem 
is  that  in  which  the  maximum  rip¬ 
ple,  the  load  current  and  voltage, 
and  input  alternating  voltage  and 
frequency  are  known  and  the  filter 
components,  tube  and  transformer 
are  to  be  selected.  If  a  size  of  filter 
capacitor  is  selected,  mCR  may  be 
calculated.  From  the  ripple  char¬ 
acteristics  '  of  Fig.  6  the  value  of 
(i>*LC  may  then  be  selected  to  give 
the  maximum  permissible  ripple. 
The  inductance  necessary  may  then 
be  obtained  from  w'LC.  If  an  induc¬ 
tance  of  this  size  is  not  available,  a 
different  value  of  capacitance  C 
should  be  selected  and  the  whole 
procedure  repeated. 


Once  the  values  of  mCR  and 
(d’LC  have  been  obtained  the  sec¬ 
ondary  voltage  of  the  transformer 
may  be  found  from  the  average 
voltage  characteristics  of  Fig.  5. 
The  tube  or  tubes  may  be  selected 
by  the  use  of  Eq.  3.  If  the  tube, 
transformer,  and  choke  resistances 
are  appreciable,  they  should  be 
taken  into  account. 
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FIG.  4 — Angl*  at  which  the  tube  etope  conducting 


CO  CR 


FIG.  6 — Percent  of  ripple  Toltage 


ripple  across  the  load  resistor.  This 
is 

31.5  +  67.25  _ 

(«*LC)  V  4  +  (wCfi)*  (4  J‘LC  -  1)« 

(1) 

and  the  error  in  the  percent  ripple 
will  be  less  than  five  percent  if 
o>*LC  ^  2.0  and  mCR  ^  5.0. 

Equation  1  will  be  applicable  in 
many  oJ  the  problems  encountered 
in  practice,  particularly  those  in 
which  the  circuit  is  lightly  loaded. 

It  expresses  the  percent  ripple  for 
the  region  where  each  tube  is  firing 
only  a  short  time,  the  output  volt¬ 
age  is  high,  and  the  charges  on  the 
filter  capacitors  do  not  vary  much 
during  one  cycle. 

For  heavier  loads,  the  percent 
ripple  is  shown  as  curves  in  Fig.  6. 
For  <i)*LC  constant,  the  ripple  in¬ 
creases  from  zero  for  mCR  ap¬ 
proaching  infinity  (open  circuit) 
to  a  maximum  in  the  vicinity  of 
(uCiJ  equal  to  unity  and  then  ap¬ 
proaches  zero  again  as  <siCR  ap¬ 
proaches  zero  (short  circuit).  For 
a  fixed  value  of  wCi?,  the  percent 
ripple  increases  from  zero  for  a)*LC 
approaching  infinity  (infinitely 
large  inductance)  toward  a  maxi¬ 
mum  as  (d*LC  approaches  0.5  (filter 
resonance).  For  very  heavy  loads 
(<i)CK  <  0.6)  the  continuous-cur¬ 
rent  case  applies  and  the  percent 
ripple  r  is  given  by 

47.14  (coCfi) _ 

*'  “  VI  (u’Lr)*  -h  -  1)* 

(2) 

The  percent  ripple  approaches  zero 
as  a)Ci2  approaches  zero  (short  cir¬ 
cuit)  because  most  of  the  ripple 
voltage  appears  across  the  inductor 
and  very  little  of  it  appears  across 
the  output  load  resistor,  while  all 
of  the  average  voltage  appears 
across  the  load  resistor. 

The  peak  tube  current  may  be  ob¬ 
tained  from  the  ratio  Pt  of  the  peak 
tube  current  to  the  average  current 
for  one  tube.  An  empirical  equa¬ 
tion  was  fitted  to  the  calculated 
values  of  Pt  and  this  equation  is 

Pt  =  5.016  (wC/?)*  *”*  (3) 

where  uiCR  ^  0.6.  For  values  of 
taCR  from  0.6  to  zero,  P,  varies 
from  four  to  a  minimum  of  two. 

The  inverse  peak  voltage  applied 
to  each  tube  is  always  the  maximum 
value  of  the  transformer  secondary 
voltage. 
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gotten  and  “amplifier”  became  syn-  The  Germans,  however,  took  the  proper  coordination  between  their 

onymous  with  “vacuum  tube  ampli-  magnetic  amplifier,  added  a  more  Army,  Navy,  and  Air  Force.  Each 

tier”.  However,  European  scientists  recent  noteworthy  U.  S.  develop-  service  conducted  its  individual  pro- 

pursued  its  development  for  pow'er  ment,  Permalloy,  a  magnetic  mate-  gram,  disseminating  a  minimum  of 


applications. 


rial  having  high-permeability  char-  information  to  other  services. 


With  the  ascendancy  of  the  Nazi 
regime  in  Germany,  scientific  re¬ 
search  became  highly  important  for 
development  of  their  war  machine. 
The  Germans  investigated  every¬ 
thing  that  could  be  of  military 
use,  including  the  magnetic  ampli¬ 
fier.  American  engineers  had  failed 
to  parallel  development  of  the  re¬ 
lated  components  with  improve¬ 
ments  in  the  magnetic  amplifier. 
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acteristics,  and  also  took  advantage 
of  the  dry  disk  rectifier  (copper 
oxide,  copper  sulfide,  and  especially 
selenium).  The  excellence  of  the 
German  selenium  rectifier  was  a 
great  aid  in  their  development  of 
the  magnetic  amplifier. 

Though  Germany  has  been  quite 
successful  in  the  development  of 
this  device  for  military  use,  greater 
success  was  inhibited  by  lack  of 


The  German  Navy  employed  mag¬ 
netic  amplifiers  wherever  possible 
on  their  naval  vessels,  some  having 
been  installed  a  decade  before  the 
war;  they  operated  satisfactorily 
and  without  attention  for  the  life 
of  the  vessel.  They  were  used  for 
stabilizing  range  finder  mounts, 
gun  mounts,  and  as  preamplifiers 
to  servosystems  used  to  stabilize 
antiaircraft  directors  in  space.  The 

I2S 
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Current  in  auxiliary  winding  on  saturable  core  reactor  con¬ 
trols  current  in  main  winding.  High  amplification  and  fast 
response  are  obtained.  These  magnetic  amplifiers  have 
been  used  in  gun  control  servomechanisims,  braking  sys¬ 
tems  of  electrical  locomotives,  and  in  automatic  aircraft 
pilots.  Research  has  been  conducted  toward  their  use  in 
the  steering  control  of  V-2  rockets 


By  WALTER  E.  GREENE 

Lt.  Comdr.  V8N 
Electronica  Officer 
Office  of  Naval  Research 
Washinffton,  D.  C. 


Magnetic  amplifiers,  essentially  sat¬ 
urable  core  reactors  in  which  the  de¬ 
gree  of  magnetization  and  flux  change 
is  controlled  by  auxiliary  windings, 
were  invented  by  E.  F.  W.  Alexander- 
son  for  use  with  his  alternator.  How¬ 
ever  ihey  had  not  been  widely  ap¬ 
plied  because  of  limitations  of  core 
materials  and  lack  of  a  high-current 
rectifier.  High  permeability  core 
materials  have  been  alloyed  in  Japan, 
efficient  selenium  rectifiers  have  been 
developed  in  Germany  and  the 
theoretical  analysis  in  Scandinavia  so 
that  this  American  device  is  now 
practical.  Jhe  nonelectronic  ampli¬ 
fier,  being  free  from  mechanical  lim¬ 
itations  of  vacuum  tubes,  may  well 
provide  the  means  for  wider  indus¬ 
trial  application  of  the  techniques 
built  around  electronic  amplifiers. 
Development  of  magnetic  amplifiers 
dramatizes  the  international  aspects 
and  interrelations  of  basic  sciences  of 
modern  technology,  and  also  reminds 
us  occasionally  to  review  discarded 
techniques  in  the  light  of  current  ma¬ 
terials  to  determine  whether  their 
shortcomings  have  been  negated  by 
subsequent  developments. — Editors. 


Applications  of 


MAGNETIC 


INTERROGATION  of  German  prison¬ 
ers  revealed  that  the  German 
Navy  had  begun  replacing  some 
electronic  servoamplifiers,  which 
were  part  of  their  naval  fire  control 
equipment,  with  servoamplifiers 
that  employed  magnetic  amplifiers 
not  liable  to  damage  by  shock  or 
vibration.  Although  antedating 
vacuum-tube  amplifiers,  magnetic 
amplifiers  had  been  little  used  in 
America.  This  information  of  Ger¬ 
man  use  indicated  however  that 
these  devices  could  compete  'with 
vacuum  tubes  in  some  applications, 
just  as  other  nonlinear  devices  have 


been  used  in  place  of  vacuum  tubes 
for  modulation  and  detection. 

The  magnetic  amplifier  was  first 
disclosed  in  a  United  States  Patent 
granted  to  E.  F.  W.  Alexanderson 
of  the  General  Electric  Co.  in  1916. 
Over  a  period  of  years  this  patent 
w'as  followed  by  75  to  80  others.  The 
purpose  of  Dr.  Alexanderson’s  de¬ 
velopment  was  to  provide  means 
for  modulating  high-frequency  al¬ 
ternating  currents  from  one  of  his 
alternators  so  that  its  current  could 
be  used  for  trans-Atlantic  radio 
telephony.  It  is  interesting  to  note 
that  by  1916  the  magnetic  amplifier 


had  been  used  to  modulate  as  much 
as  72  kw  while  Dr.  DeForest’s  three 
element  vacuum  tube  had  been  de¬ 
veloped  to  handle  only  a  few  watts. 

The  magnetic  amplifier  became  of 
minor  domestic  importance  because 
of  growing  popularity  and  technical 
advances  in  vacuum-tube  tech¬ 
niques.  Development  of  high-per¬ 
meability  magnetic  core  materials, 
and  efficient  dry  disk  rectifiers,  both 
necessary  to  the  development  of 
magnetic  amplifiers  of  high  effi¬ 
ciency,  came  later.  By  the  time 
these  components  were  available, 
the  magnetic  amplifier  had  been  for- 
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Germans  were  also  developing  all¬ 
electric  computers  in  which  mag¬ 
netic  amplifiers  were  used  in  a  man¬ 
ner  analogous  to  the  way  we  employ 
cathode  follower  vacuum  tube,  cir¬ 
cuits. 

As  a  control  device,  the  Luftwaffe 
used  it  in  connection  with  automatic 
pilots.  The  German  Army  also  con¬ 
ducted  extensive  research  at  Peene- 
munde  in  applying  the  magnetic 
amplifier  to  the  V-2  as  a  steering 
control.  It  was  also  developed  as  a 
frequency  regulator  for  motor-gen¬ 
erator  sets  capable  of  maintaining 
accuracy  to  within  1/1,000  of  the 
desired  frequency  while  using  a  d-c 
motor  whose  voltage  supply  was  not 
constant.  Commercial  use  appears 
to  have  begun  about  1942  or  1943 
with  application  to  electrical  brak¬ 
ing  systems  for  railroad  locomo¬ 
tives.  At  Darmstadt,  research  had 
begun  in  applying  the  magnetic  am¬ 
plifier  to  high-voltage  power  lines; 
however,  this  was  interrupted  by 
allied  bombings  and  never  devel¬ 
oped  past  the  fundamental  research 
stage. 

The  Japanese  conducted  funda¬ 
mental  research  on  magnetic  am¬ 
plifiers  but  did  not  develop  them  to 
any  great  extent.  Fire  control 
equipment,  purchased  from  the  Ger¬ 
mans,  included  magnetic  amplifiers, 
but  it  never  reached  Japan  because 
of  the  allied  shipping  blockade.  The 
Japanese,  however,  developed  mag¬ 
netic  core  materials,  which  in  the 
future  will  play  an  extremely  im¬ 
portant  role  in  magnetic  amplifier 
progress. 

Other  Foreign  Contributions 

Although  Japan  has  never  been 
an  outstanding  nation  in  the  devel¬ 
opment  of  electronic  equipment, 
there  is  one  important  exception, 
namely,  in  the  field  of  magnetism: 
in  this  Japan  led  the  world.  In  most 
countries,  research  in  magnetism 
has  always  been  a  somewhat  sec¬ 
ondary  consideration  in  electronic 
development  This  was  not  true, 
however,  in  Japan.  For  over  30 
years  there  has  been  mainiained  at 
Sendai,  a  government  sponsored 
Research  Institute  for  Iron  and 
Steel  and  Other  Metals,  under  To- 
huku  Imperial  University.  As  a  re¬ 
sult  of  the  work  of  this  and  other 
magnetic  laboratories,  Japan  is  re¬ 
sponsible  for  at  least  half  of  the 


FIG.  1 — Typical  magnetic  characturUtics 


new  magnetic  materials  introduced 
since  1920.  The  most  important  of 
these  are  Alfer,  Sendust,  and  spe¬ 
cial  silicon-iron  alloys  having  per¬ 
meabilities  nearly  twice  that  of 
United  States’  best  magnetic  mate¬ 
rial.  These  are  vital  to  efficient 
magnetic  amplifier  design,  for  it  is 
the  property  of  extremely  high  per¬ 
meability  at  low  values  of  magneto¬ 
motive  force  that  allows  the  mag¬ 
netic  amplifier  to  achieve  high  am¬ 
plification.  Of  equal,  if  not  greater 
importance  is  the  fact  that  these 
alloys  contain  no  nickel,  an  element 
in  which  Japan,  Germany,  and  the 
United  States  are  strategically  de¬ 
ficient. 

Swedish  engineers  ai’e  also  in¬ 
terested  in  the  magnetic  amplifier. 
Dr.  Uno  Lamm,  wrote  a  book  in 
1943  on  the  subject  of  magnetic  am¬ 
plifiers  entitled  “The  Transductor.” 
This  work  gives  perhaps  the  most 
complete  technical  and  theoretical 
treatise  on  the  magnetic  amplifier 
which  has  been  published  to  date. 
The  book  discusses  use  of  the  mag¬ 
netic  amplifier  for  automatic  regu¬ 
lating  and  relaying  purposes. 

The  British  are  also  conducting 
research  on  the  magnetic  amplifier. 
Reports  show  that  they  have  been 
able  to  overcome  to  a  certain  ex¬ 
tent  a  major  fault  of  this  device — 
the  slownfess  of  response  to  control 
signals. 

Bails  of  Operation 

Before  discussing  some  of  the  me¬ 
chanics  of  the  saturable  core  reac¬ 
tor  and  the  complete  magnetic  am¬ 
plifier,  it  is  advisable  to  review 
briefly  the  properties  of  iron-cored 
coil. 

Any  coil  possesses  the  property  of 
electrical  inertia,  called  induc¬ 
tance.  This  inductance  opposes  a 
change  in  the  current  in  the  coil. 
The  magnitude  of  this  property  is 
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FIG.  2 — Slmplost  ompUlior  eonnoction 

expressed  in  units  called  henrys. 
In  an  iron-cored  coil,  the  inductance 
is  dependent  to  a  very  great  extent 
on  the  permeability  of  the  iron  in 
the  core.  Permeability  is,  in  effect, 
a  measure  of  the  relative  ease  with 
which  magnetism  flows  in  a  certain 
circuit. 

The  relationship  between  induc¬ 
tance  and  the  permeability  of  the 
core  is 

,  1.256  ..  u  \ 

L  =  - - -r--  X  KT*  (.henrys) 

H 

where  N  is  number  of  turns  in  the 
coil,  fi  is  permeability,  a,  is 
cross  sectional  area  of  the  core  in 
centimeters,  and  It  is  length  of  the 
magnetic  path  in  centimeters.  These 
constants  are  those  used  in  the  cgs 
system. 

Because  the  permeability  is  not 
a  constant,  the  inductance  will  vary 
with  it.  Therefore  one  must  con¬ 
sider  the  permeability  next. 

Permeability  of  magnetic  mate¬ 
rial  is  defined  as  the  ratio  B/H, 
where  B  is  flux  density  (lines  per 
square  centimeter  in  the  cgs  sys¬ 
tem)  and  H  is  the  magnetizing 
force  (in  oersteds,  or  in  ampere 
turns  since  one  ampere  turn  per 
centimeter  is  1.256  oersteds).  With 
these  units,  the  permeability  of  air 
is  unity. 

Permeability,  depending  on  flux 
density,  is  in  general,  small  at  low 
flux  densities,  maximum  at  moder¬ 
ate  values  and  quite  small  when  the 
core  is  saturated,  as  shown  in 
Fig.  1. 

A  circuit  containing  inductance 
will,  when  subjected  to  an  alternat¬ 
ing  voltage,  have  a  current  whose 
value  is  determined  by  /,«  =  E„/Xi 
where  Xt  is  inductive  reactance, 
which  in  turn  is  related  to  the  in¬ 
ductance  of  the  circuit  by  Xj.  — 
2%fL  where  /  is  frequency  of  the  al¬ 
ternating  voltage.  So,  as  Xi  in¬ 
creases,  he  decreases  and  vice  versa. 
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FIG.  3 — S«lf-«xcitation  can  be  uied 

For  the  purposes  of  this  discus¬ 
sion,  saturable  core  reactors  are 
considered  to  be  the  actual  trans¬ 
former-like  structures  that  are  part 
of  the  complete  magnetic  amplifier 
circuit.  A  saturable  core  reactor 
consists  of  separate  load  and  con¬ 
trol  windings  with,  perhaps  in  spe¬ 
cialized  cases,  additional  windings 
for  feedback  and  stabilization  cir¬ 
cuits.  Uses  of  these  windings  will 
be  developed  in  the  following  dis¬ 
cussion. 

Because  a  given  amount  of  direct 
current  will  control  a  larger  amount 
of  alternating  current,  the  device  is 
an  amplifier  and  for  many  purposes 
can  be  considered  analogous  to  a 
vacuum  tube.  A  reactor  used  in  this 
manner,  together  with  selenium  or 
dry  rectifiers  to  proyide  the  direct 
current,  is  called  a  transductor  in 
Sweden. 

Figure  2  shows  a  simplified  cir¬ 
cuit  of  a  typical  saturable  core  re¬ 
actor.  The  reactor  is  designed  so 
that  with  little  or  no  current  flow¬ 
ing  in  the  d-c  control  winding,  the 
reactance  of  the  load  windings  is 
high  and  effectively  limits  the  a-c  to 
a  small  value.  With  a  relatively 
large  d-c  flowing,  the  core  becomes 
saturated,  the  permeability  de¬ 
creases,  inductance  and  conse¬ 
quently  reactance  decreases  and  the 
a-c  increases,  allowing  more  a-c 
power  to  be  dissipated  in  the  load. 

The  amplification  factor  or  more 
specifically  in  this  case — the  con¬ 
trol  ratio,  can  be  defined  as  the 
ratio  of  ampere  turns  in  the  load 
windings  to  ampere  turns  in  the 
control  winding. 

D  _  N  I  io*d 

^  control  mtlo  *  ^  j  * 

~  *  control 

Where  NI  ,„,d  is  the  number  of 
turns  of  wire  in  the  load  windings 
multiplied  by  the  current  flowing 
through  them;  the  same  is  true  for 
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FIG.  4 — Feedback  increase*  sensitieity 

Dr.  D.  W.  Ver  Planck  of  Carnegie 
Institute  of  Technology,  working 
under  sponsorship  of  the  Office  of 
Naval  Research,  has  found  that  cer¬ 
tain  core  and  winding  configura^ 
tions  have  advantages  over  others 
as  far  as  control  ratio,  speed  of  re¬ 
sponse,  and  insulation  requirements 
are  concerned. 

The  two  reactors  mentioned  so 
far  have  been  series  wound.  Of 
course  it  is  possible  and  often  de¬ 
sirable  to  use  parallel  wound  re¬ 
actors.  It  is  known  that  as  far  as 
steady  state  performance  is  con¬ 
cerned,  the  series  and  parallel  con¬ 
nections  are  of  equal  merit  provided 
the  impedance  of  the  load  is  rela¬ 
tively  small,  as  is  usually  the  case. 

Using  Feedback 

A  German  scientist.  Dr.  Theodor 
Buchhold,  doing  basic  research  on 
saturable  core  reactors  and  their 
applications  in  magnetic  amplifiers, 
has  demonstrated  that  addition  of 
a  certain  amount  of  feedback  cur¬ 
rent  in  the  amplifier  circuit  reduces 
the  necessary  control  power.  A 
typical  circuit  utilizing  feedback  is 
as  shown  in  Fig.  3;  each  reactor  has 
primary,  secondary,  and  tertiary 
windings. 

Action  of  the  feedback  current 
can  be  shown  with  reference  to  the 
curves  of  Fig.  4.  The  one  curve 
shows  variation  of  load  current  as 
a  function  of  the  control  current 
in  a  saturable  reactor  circuit  such 
as  that  of  Fig.  2.  If  a  particular 
amount  of  feedback  is  added  by  a 
circuit  such  as  that  of  Fig.  3,  the 
load  current  varies  more  for  a 
given  change  in  control  current 
than  without  feedback,  as  shown  by 
the  other  curve.  The  reactor  still 
requires  the  same  total  direct-cur¬ 
rent  control  as  without  feedback, 
however  a  large  portion  of  the  con¬ 
trol  current  is  supplied  by  the  feed¬ 


back  winding;  the  control  circuit 
need  supply  only  A/*,.  Unless  pre¬ 
cautions  are  taken  in  feedback  de¬ 
sign,  there  is  danger  of  instability 
of  the  system  with  resultant  large 
currents. 

Figure  5  shows  a  circuit  used  for 
frequency  regulation  of  motor-gen¬ 
erators  by  means  of  feedback 
through  a  magnetic  amplifier.  Nor¬ 
mally  changes  in  the  d-c  supply  to 
the  motor  would  cause  changes  in 
the  speed  and  hence  the  frequency 
of  the  alternator.  With  the  control 
circuit,  however,  if  the  frequency 
of  the  alternator  changes  from  the 
intended  value  of  400  cps,  increased 
current  will  flow  through  one  or  the 
other  resonant  circuit  producing 
more  current  in  one  of  the  control 
windings  of  the  saturable  core  re¬ 
actor.  In  the  case  of  falling  fre¬ 
quency  of  the  alternator,  more  cur¬ 
rent  will  flow  through  L,.  The  mag¬ 
netism  §0  caused  opposes  that  pro¬ 
duced  by  the  rectified  alternator 
current  that  flows  in  and  is  also 
used  to  excite  the  motor.  The  de¬ 
creased  magnetism  resulting  from 
this  opposition  results  in  increased 
reactance  of  so  that  the  current 
in  the  motor  field  is  reduced,  the 
motor  accelerates,  and  the  alterna¬ 
tor  frequency  is  restored  to  normal, 
with  both  resonant  circuits  draw¬ 
ing  equal  currents.  By  this  system 
the  Alternator  frequency  can  be 
controlled  to  one  part  in  1,000. 

Speed  of  Respoese 

In  all  of  the  presently  known 
magnetic  amplifier  circuits  there  is 
one  common  fault:  the  slowness  of 
response  to  control,  which  is  inher¬ 
ent  in  any  circuit  containing  a 
large  amount  of  inductance.  In 
most  commercial  applications  this 
sluggishness  of  response  is  not  an 
important  drawback,  but  in  certain 
military  and  commercial  applica¬ 
tions  which  are  foreseen,  a  very 
short  response  time  is  necessary. 

In  preliminary  laboratory  work 
in  this  country  a  response  time  of 
approximately  6  cycles  of  the  60  cy¬ 
cle  a-c  supply  has  been  obtained. 
The  German  naval  magnetic  ampli¬ 
fiers  on  the  other  hand  had  a  re¬ 
sponse  time  of  over  16  cycles  of  the 
supply  frequency,  which  was,  how¬ 
ever,  333  cycles  per  second.  The 
actual  power  gain  of  these  German 
units  was  rather  low,  about  100.  It 

1 27* 
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would  be  desirable  for  naval  appli¬ 
cations,  to  have  a  response  time  of 
1  cycle  or  less  at  60  cycles  supply 
frequency. 

An  obvious  way  to  circumvent 
this  problem  and  reduce  the  re¬ 
sponse  time  would  be  to  increase  the 
supply  frequency.  In  Alexander- 
son’s  work,  where  he  was  using  a 
supply  in  the  neighborhood  of  25 
to  30  kc,  response  time  was  not 
a  problem  and  his  amplifier  (or 
modulator  in  his  case)  was  able  to 
follow  variations  in  audio-frequency 
control  currents. 

Changing  the  supply  frequency  of 
large  power  installations  to  any 
great  extent  seems  to  be  impractical 
at  this  time.  Therefore,  it  is  im¬ 
portant  to  approach  the  problem 
from  the  standpoint  of  the  mag¬ 
netic  amplifier  itself.  The  British 
have  achieved  some  success  in  the 
solution  of  the  response  time  prob¬ 
lem  by  using  a  feedback  or  phase 
advance  circuit,  the  nomenclature 
depending  on  one’s  point  of  view. 
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In  conclusion  it  may  be  said  that 
ihe  magnetic  amplifier  has  been  up 
to  now  a  relatively  forgotten  Amer¬ 
ican  invention  which  was  taken  by 
CJerman  engineers  and  given  the 
prominence  necessary  to  assure  its 
proper  development  and  applica- 
^;ion.  Successful  use  of  the  magnetic 
amplifier  throughout  the  (Jerman 
Navy  for  ten  years  has  demon- 
■strated  beyond  doubt  its  efficiency 
and  practicability  in  use  where 
equipment  is  subject  to  shock  or 
A^ibration.  As  a  matter  of  fact,  this 
ruggedness  was  demonstrated  by 
an  instance  when  a  mine,  utilizing 
magnetic  amplifier,  was  dropped 
from  a  considerable  height  by  an 
.aircraft.  It  struck  the  ground  in¬ 


stead  of  the  water,  was  practically 
demolished,  and  scattered  over  the 
terrain.  The  magnetic  amplifier 
portion,  however,  when  recovered 
and  tested,  functioned  normally. 

Unlike  the  vacuum  tube  whose 
impedance  is  ohmic  and  therefore 
introduces  considerable  internal 
power  loss,  the  impedance  of  the 
magnetic  amplifier  is  an  inductive 
reactance,  which  dissipates  but  lit¬ 
tle  energy  as  heat,  giving  back  most 
of  it  -to  the  circuit,  like  any  other 
inductance.  It  can  be  made  in  any 
size  depending  upon  its  application 
and  can  be  extremely  sensitive. 
Magnetic  amplifiers  have  been  made 
which  gave  a  power  gain  of  100,000. 
There  is  no  limit  to  the  kilovolt¬ 
ampere  capacity,  except  size,  which 
makes  it  ideal  for  controlling  high 
power.  Designs  in  Germany  ranged 
up  to  50,000  kva. 

The  magnetic  amplifier  will  un¬ 
doubtedly  have  extensive  use,  not 
only  in  the  electrical  control  of 
military  and  naval  equipment  but 
especially  in  commerce.  For  con¬ 
trol  of  many  manufacturing  proc¬ 
esses  and  automatic  devices  for 
private  use,  it  cannot  be  surpassed. 
It  would  be  excellent  if  developed 
for  underground  and  transoceanic 
cable  use  for,  containing  no  moving 
parts  and  not  requiring  servicing, 
it  can  be  installed  in  such  a  cable 
system  and  forgotten. 

The  magnetic  amplifier  is,  at  the 
present  time,  far  from  being  a  per¬ 
fectly  developed  device.  Its  two  ma¬ 
jor  faults  are  that  it  has  an  inher¬ 
ently  slow  response  time,  and  it  is 
an  efficient  amplifier  only  if  it  has 
a  core  material  of  extremely  high 
permeability.  The  latter  of  these 
two  deficiencies  can  be  improved 
with  the  development  of  core  mate¬ 
rial  made  of  noncritical  materials 


which  are  sufficiently  cheap  so  that 
magnetic  amplifiers  can  be  used  as 
expendable  devices. 

Germany  has  returned  to  u«  a 
much  improved  magnetic  amplifier 
together  with  an  excellent  selenium 
rectifier;  Japan  has  provided  vitally 
important  basic  research  on  effi¬ 
cient  nonstrategic  core  materials. 
The  magnetic  amplifier  today  is  at 
a  developmental  stage  comparable 
to  that  of  the  vacuum  tube  20  years 
ago..  Its  future  capabilities  are 
limited  only  by  the  degree  of  atten¬ 
tion  it  receives  from  research 
agencies  in  this  country.  The  Of¬ 
fice  of  Naval  Research,  realizing  the 
potentialities  of  this  device,  is  co¬ 
ordinating  a  concerted  program  of 
fundamental  and  applied  research 
on  the  magnetic  amplifier  and  its 
applications  in  coordination  with 
the  Bureau  of  Ships,  the  Bureau  of 
Aeronautics,  the  Bureau  of  Ord¬ 
nance,  and  the  Army.  The  improve¬ 
ment  and  utilization  of  this  device 
may  well  prove  to  be  a  most  impor¬ 
tant  technical  development. 

Since  this  paper  was  written.  Dr. 
Uno  Lamm  has  visited  the  United 
States  and  lectured  under  sponsor¬ 
ship  of  the  United  States  Navy  on 
the  theory  and  applications  of  the 
magnetic  amplifier.  He  brought  sev¬ 
eral  pieces  of  demonstration  appa¬ 
ratus  with  him  and  it  was  learned 
that  Sweden  is  probably  farther 
ahead  in  the’techniques  of  utilizing 
the  magnetic  amplifier  for  power 
control  and  measurement  than  any 
other  country  at  this  time. 
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quency  of  oscillator  when  rod  length  and  magnetostrictive  material  are  known 
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Magnetostriction  oscillators 
have  been  widely  used  in 
many  electronic  applications,  par¬ 
ticularly  in  underwater  sound,  since 
George  Washington  Pierce  of  Har¬ 
vard  first  reported  on  his  research 
in  1927.*'*  These  oscillators  have 
their  frequency  controlled  by  a  mag¬ 
netostrictive  rod  of  nickel,  Monel 
metal.  Invar,  Nichrome,  Stoic  metal, 
or  other  nickel  alloys. 

When  a  magnetostrictive  rod  or 
tube  is  placed  in  an  alternating 
magnetic  field  and  clamped  or  piv¬ 
oted  at  the  center  of  the  rod,  the 
resonant  frequency  of  the  rod  is 
given  by  /  =  v/2l,  where  /  is  the 
resonant  frequency  in  kc,  v  is  the 
velocity  of  sound*  in  the  rod  in  cm 
per  sec,  and  I  is  the  length  of  the 
rod  in  cm. 

The  accompanying  '  nomograph 
permits  simple  calculations  of  the 
resonant  frequencies.  Thus,  to  find 
the  resonant  frequency  of  a  mag¬ 
netostriction  oscillator  using  a 
Monel  metal  rod  5  centimeters  long, 
lay  a  straightedge  between  Monel 
metal  on  the  magnetostrictive  mate¬ 
rial  scale  and  5  cm  on  the  rod  length 
scale,  and  read  the  answer  of  47 
kc  on  the  frequency  scale. 
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Low  ”Hop-()flr’  Resistance 

>liniiniini  Short-(>iit  Resistance 

Smooth-Operating  Mallory 
Alloy  Contactor 

High  Humidity  Resistance 

Low  Noise  Level  . 

Extremely  Accurate 
Taper  Construction 

Non-Distorting,  Non-Loosening 
Assembly  Construction 

Spring  Pressure  Terminals,  Smooth 
Bearing  Surfaces,  Mallory  Alloy 
Spring  Contact  Arms,  Self-Lubricating 
Elements — all  contributing  to 
longer  life. 


Only  Mallory  Carbon  Controls 
Offer  All  These  Features  ! 


It’s  really  surprising,  when  you  do  a  little  checking,  to  see  how  much  more  Mallory 
carbon  controls  have  to  offer.  You  learn  what  is  meant  when  other  people  say,  "You 
expect  more  and  get  more  from  Mallory.” 


For  Mallory  carbon  controls  have  almost  as  many  features  as  Mallory  has  years 
of  experience  in  electronics  and  metallurgy.  Add  them  together  and  you  get  what 
no  other  manufacturer  can  give  you — workmanship,  design,  standards  of  quality 
that  are  worthy  of  the  finest  products  you  make.  Contact  our  district  sales  office 
or  write  direct  for  new  Mallory  variable  resistor  engineering  data  booklet  and 
specification  sheet.  Special  engineering  help  is  available,  too. 


tLLVR  I  RESISTORS 
(FIXED  AND  VARIABLE) 
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with  the  circuit  when  the  panel  is 
sprayed.  Both  sides  of  a  penal  can 
embody  sprayed  conductors,  and 
the  conductors  on  .opposing  sides 
can  be  connected  by  metal  eyelets 
prior  to  sandblasting  or  metalliz¬ 
ing. 

The  thickness  of  the  metal  de¬ 
posited  is  at  least  0.005  inch.  If 
insulation  of  a  conductor  is  re¬ 
quired,  spraying,  dipping,  or  brush¬ 
ing  on  suitable  insulation  material 
can  be  done.  According  to  Spray- 
wire  Laboratories,  Inc.  of  Minne¬ 
apolis,  Minn.,  the  Spraywiring 
method  is  adaptable  to  the  manu¬ 
facture  of  many  types  of  products 
which  embody  wiring.  It  can  be 
used  in  producing  the  circuits  of  a 
tiny  hearing  aid,  or  the  baaic  wir¬ 
ing  of  a  prefabricated  house.  The 
metallizing  equipment  used  in  the 
spraying  process  is  made  by  Metal¬ 
lizing  Engineering  Co.,  Inc. 


Circuit  Analyzer  for 
The  Blind 

By  Clifford  M.  Witcher 

Haakina  Lahoratoriea,  A’eic  York  City 

Several  models  of  a  multitester, 
capable  of  rapid  and  accurate  use 
by  the  blind  and  essentially  equiva¬ 
lent  to  moderately  priced  commer¬ 
cial  circuit  testers,  were  built  and 
have  proved  to  be  quite  satisfac¬ 
tory.  The  instrument,  is  consider¬ 
ably  more  rugged  both  electrically 
and  mechanically  than  moat  com¬ 
mercial  units,  and  measurements 
can  be  made  with  it  at  a  compar¬ 
able  speed. 

The  analyzer  embodies  the  equiv¬ 
alent  of  a  multirange  precision 
bridge-type  ohmmeter,  a  multi¬ 
range  2,000  ohms  per  volt  d-c  volt¬ 
meter,  and  a  multirange  d-c  milli- 
ammeter.  Measurements  are  ob¬ 
tained  as  nuls  in  an  audible  signal 
from  a  pair  of  headphones,  and 
readings  are  easily  taken  from  a 
single  linear  raised  scale  on  the 
dial  of  an  accurately  linear  poten¬ 
tiometer. 

Addition  of  an  external  crystal 
rectifier  or  diode  with  suitable  bias 
permits  use  as  a  peak  reading  a-c 
volt  or  milliammeter.  Provision  is 
also  made  for  the  insertion  of  ex¬ 
ternal  series  resistors  to  provide 
any  number  of  additional  resistance 


TUBES  AT  WORK 
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Sprayed  Metol  for  Wiring .  132 
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Sprayed  Metal  for  Wiring 


A  NEW  method  of  forming  several 
electronic  circuits  at  once  consists 
of  spraying  metal  into  grooves  in 
dielectric  panels.  A  stencil  is  cut  to 
coincide  with  the  wiring  diagram 
and  the  panel*  is  sand  blasted 
through  the  stencil  to  form 
grooves.  Metal,  copper,  silver,  or 
aluminum,  is  then  sprayed  through 
the  stencil  into  the  grooves.  The 


panels  may  be  formed  of  plastic, 
ceramic,  glass,  or  wood. 

Tube  sockets,  capacitors  and 
other  parts  are  assembled  on  the 
panel  prior  to  sandblasting  or 
metallizing,  with  their  contacts  so 
placed  that  they  will  be  in  the 
proper  grooves  when  the  latter  are 
formed.  The  contacts  are  spray- 
wired  into  permanent  connection 


In  th«  Spraywiring  t«cliniqn«,  a  stnncil  is  applied  to  a  blank  insulating  panel,  leit. 
which  is  then  sandblasted  and  sprayed  with  metal.  It  then  appears  as  at  center,  with 
stencil  still  in  position.  A  finished  two  tube  amplifier  is  shown  at  right  with  stencil 

removed 


Underside  view  of  a  sprcrywired  chassis  and  a  conventional  receiver  having  wires  and 

soldered  connections 
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Good  for  as  many  as 


relay  operations 
without  maintenance! 


Western  Electric 

MERCURY  CONTACT  RELAYS 


These  new  Western  Electric  Mercury  Contact  Relays — which 
make  possible  greater  accuracy  and  dependability  of  high  speed 
switching  machines — virtually  eliminate  relay'  maintenance 
problems.  They're  hermetically  sealed  against  dirt  —  immune 
to  atmospheric  conditions  —  completely  tamper-proof— good 
h)r  a  billion  or  more  operations. 

Designed  by  Bell  Telephone  Laboratories,  their  uniformity 
of  jH'rformance,  circuit  flexibility  and  mechanical  stability 

make  them  particularly  suited  for  applications  such  as: 

• 

Computing  Machines  Tabulating  Machines 

Sorting  Machines  Totalizers 

Signaling  Devices  Servo-Mechanisms 

High  Speed  Keying  Relays  Relay  Amplifiers 
Mbrator  Power  Supplies 

If  you  want  relays  that  assure  long  service  life — high  operating 
speeds — large  current  and  voltage  handling  capacities — and 
constant  operating  characteristics,  the  Western  Electric  275 
and  276  Type  Relays  are  jufit  tvhat  you  wantl 

Get  full  details  from  your  local  Graybar  Representative  or 
send  the  coupon  below  to  Graybar  Electric  Co.,  420  Lexington 
Ave.,  New  \ork  17,  N.Y. 


This  cutaway  viaw  shows  tha  glass  soalad,  marcury  wattad 
contact  switch  surroundod  by  tha  oparating  coil  and  an- 
casod  In  a  matal  housing  mounted  on  an  octal  base. 


Graybar  Eleriric  Co.  K***  • 

420  Lexington  Ave.,  New  York  17,  N.Y. 

(Gentlemen:  Plea»e  send  me  descriptive  literature  on 
Western  Electric  Mercury  Contact  Relays. 


Company 
A«l«lreH8  ■ 


•State 


QUALITY  COUNTS 
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FIG.  1 — Circvdt  oi  th«  multiteater  that  prorides  aural  indication  of  moasuromonts 


or  voltage  ranges,  and  for  the  in¬ 
sertion  of  shunis  to  provide  higher 
current  ranges.  The  instrument 
may  also  be  used  as  an  a-c  bridge 
by  connecting  an  external  audio  os¬ 
cillator  to  the  binding  posts  pro¬ 
vided  for  this  purpose  and  by  in¬ 
serting  suitable  standard  capaci¬ 
tors  or  inductances. 

Theory  and  Operation 

The  circuit  of  the  analyzer  is  il¬ 
lustrated  in  Fig.  1.  Essentially, 
the  instrument  serves  as  a  Wheat¬ 
stone  bridge,  or  as. a  voltage  di¬ 
vider  and  potentiometer,  depending 
upon  the  positions  of  the  two  con¬ 
verter  switches  Si  and  S,  and  the 
particular  jack  into  which  the 
phones  are  plugged. 

Consider  the  action  of  switch  Si 
if  binding  posts  Mi  and  M,  are  con¬ 
nected  together.  When  the  blades 
of  this  switch  are  down  and  an  un¬ 
known  resistance  X  is  connected 
across  binding  posts  L+  and  L— ,  it 
can  be  seen  that  a  bridge  circuit  is 
formed  by  (1)  the  portion  of  the 
measuring  potentiometer  P,  be¬ 
tween  the  grounded  end  and  the 
movable  contact;  (2)  the  calibrat¬ 
ing  potentiometer  P,;  (3)  the  un¬ 
known  resistance  X;  and  (4)  a  por¬ 
tion  of  the  resistance  network  as¬ 
sociated  with  the  range  selector 
switch.  With  switch  S2  in  the  po¬ 
sition  correspond  to  that  of  S„ 
three  volts  are  applied  across  one 
diagonal  of  this  bridge,  and  a  pair 
of  phones  inserted  in  the  other 
diagonal,  jack  J,.  The  2-volt  vi¬ 
brator  contacts,  shunted  by  a  mi¬ 
croswitch  push  button  (both  nor¬ 


FIG.  2 — Bridge  circuit  employed '  in  the 
analyxer  when  resistance  is  being  meas¬ 
ured 

mally  open)  are  in  series  with  the 
phones. 

Referring  to  Fig.  2,  let  Ri  be  the 
resistance  selected  by  the  selector 
switch,  and  Ri  the  resistance  of  the 
calibrating  potentiometer  P*.  When 
the  instrument  is  in  proper  calibra¬ 
tion,  Rm  is  set  equal  to  the  resistance 
of  the  portion  of  the  measuring  po¬ 
tentiometer  Pi  between  ground  and 
full-scale  position  of  the  movable 
contact,  a  scale  reading  of  10.0.  If 
the  bridge  is  balanced  for  an  un¬ 
known  resistance  X,  by  rotating 
the  pointer  of  the  measuring  po¬ 
tentiometer  until  a  null  point  is 
found,  and  if  R  is  the  resistance  of 
the  portion  of  the  measuring  poten¬ 
tiometer  between  ground  and  the 
movable  contact,  then  R/R,=X/Ri. 
But  calling  the  scale  reading  Y,  and 
remembering  the  definition  of  R^, 
we  have  R/Rt—Y /lO  therefore 
X=(Y/10)  Ri.  Since  the  values 
used  for  P,  are  always  multiples  of 


10,  the  value  of  X  can  be  readily 
obtained  mentally  from  the  scale 
reading.  Since  thje  scale  only  ex¬ 
tends  to  11.0,  X  must  be  less  than 
or  equal  to  l.lOPj. 

Voltage  and  Current 

Consider  now  the  action  of  the 
instrument  when  switches  Si  and  S, 
are  in  the  V-MA  position,  and  the 
phones  are  in  jack  Assume  that 
binding  posts  Ri  and  Pj  are  con¬ 
nected  together,  as  they  are  except 
when  an  external  rectifier  is  to  be 
used.  For  positions  2  through  8 
on  the  range-selector  switch,  the 
resistance  network  associated  with 
this  switch  is  connected  as  a  volt¬ 
age  divider,  with  the  voltage  drop 
across  the  2,000-ohm  resistor  P, 
being  opposed  (through  phones  and 
vibrator)  by  the  voltage  between 
ground  and  the  movable  contact  of 
the  measuring  potentiometer  (See 
Fig.  3).  The  voltage  across  the 
measuring  potentiometer  is,  in  this 
case,  obtained  from  the  same  fiash- 
light  cells  mentioned  above,  but 
this  time  through  the  voltage  cali¬ 
bration  potentiometer  P,.  The  lat¬ 
ter  is  so  adjusted  that  the  voltage 
drop  across  the  first  10  scale  divi¬ 
sions  of  the  measuring  potentiom¬ 
eter  is  1.0  volt.  In  practipe  it  is 
found  best  to  check  the  setting  of 
P,  by  comparison  with  a  reasonably 


FIG.  3 — Voltage  diridor  and  potontiometer 
arrangement  for  current  and  Toltage  meai- 
urementx 


accurate  voltage  source  every  few 
weeks. 

With  this  circuit  arrangement 
the  voltage  V  corresponding  to  a 
given  scale  reading  Y  at  which  a 
balance  has  been  obtained  is 
V  =  (y/10)  (R,/2000).  In  practice, 
one  remembers  the  range  selector 
switch  settings  as  voltage  ranges 

(confinutd  on  p  148) 
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Designing  Automatic  Controllers  by  Electrical  Analogues 


Dynamic  stability  and  other  per¬ 
formance  criteria  of  automatic  in¬ 
dustrial  controllers  can  be  deter¬ 
mined  automatically  using  an  elec¬ 
tronic  model  of  the  system.  Using 
this  technique,  the  design  of  con¬ 
trollers  is  simplified  by  the  Analaut 
(automatic  analogue)  designed  by 
George  A.  Philbrick,  G.  A.  Philbrick 
Researchers,  Inc.  (Boston,  Mass.). 

Electrical  Analogue 

The  components  of  the  controlled 
process  are  reduced  to  their  electri¬ 
cal  equivalents.  The  complete  sys¬ 
tem,  with  either  the  actual  control¬ 
ler  or  an  electrical  analogue  of  it, 
is  then  periodically  shock  excited 
and  the  recovery  transients  at  ap¬ 
propriate  points  synchronously  dis¬ 
played  on  an  oscilloscope.  The  be¬ 
havior  of  the  system  for  various 
adjustments  of  the  process  and  con¬ 
troller  is  observed  by  manipula¬ 


tion  of  the  electrical  circuit  in  di¬ 
rect  correspondance  with  variations 
of  the  actual  physical  constants. 
For  example,  effects  of  lag  times  or 
valve  limits  can  be  analyzed. 

Various  electrical  circuits  are 
used  to  represent  plant  equipment. 
A  series  of  tanks  so.  connected  that 
the  fluid  cannot  back  up,  as  where 
one  tank  overflows  into  another,  is 
represented  by  resistance-capaci¬ 
tance  networks  isolated  by  vacuum 
tubes;  if  the  fluid  can  back  up,  the 
tubes  are  omitted.  The  inverse  of 
the  technique  is  used  to  synthesize 
practical  processes  and  plants  from 
the  required  physical  reactions.  In 
addition,  because  the  electrical 
analogue  compresses  into  fractions 
of  a  second  plant  reactions  occupy¬ 
ing  hours,  it  provides  a  means  of 
quickly  and  graphically  teaching 
automatic  control  techniques  to 
plant  operators.  A  classroom  model 


Operator  obaenr*i  efi*et  ol  Toriatlons  In 
■iinuloted  proceni  control 


has  recently  been  successfully  used 
at  Massachusetts  Institute  of  Tech¬ 
nology.  Special  models  have  been 
used  in  designing  and  improving 
industrial  controllers,  and  others 
are  being  used  in  designing  nonre¬ 
ciprocating  aircraft  engine  con¬ 
trols. 

Steepness  of  Pulse  Fronts 
By  Milton  D.  Rubin 

Engineer,  Raytheon  Mfg.  Co. 
Dorcheater,  Maas. 

Most  analyses  of  pulsed  circuits 
assume  that  the  wavefront  of  the 
pulse  is  a  step  function,  such  as 


ELECTRONS  RADIATE  LIGHT 


Doctroni  troroliBg  at  eztromoly  high  speed  give  off  electromagnetic  radiation  directly.  This  electronic  light  hos  Inst  been 
obserred  by  Floyd  Hober,  laboratory  assistant,  working  on  the  synchrotron  in  the  General  Electric  research  laboratory.  The 
radiation,  predicted  in  1944  by  two  Russian  physicists,  D.  Iwanenko  and  I.  Pomeranchuk,  is  gieen  oil  tangentially  from  the  hee 
speeding  electrons,  and  appears  as  a  bluish-white  spot;  the  cross  bor  in  the  photograph  is  produced  by  refraction  at  the  gloss 
woU  of  the  synchrotron  doughnut.  Colculations  by  Dr.  J.  S.  Schwinger  of  Honrard  Uniyersity  indicote  ttiot  maximum  energy  of 
the  radiotion  is  in  the  viMble  or  infrared  portion  of  the  spectrum,  with  only  slight  energy  in  the  microwaye  region.  Dr.  H.  C. 
Pollock,  physicists  in  charge  of  the  synchrotron,  and  Drs.  R.  V.  Langmuir  and  F.  R.  Elder,  his  associates,  are  preparing  o  flat 
quarts  window  in  the  doughnut  wall  so  that  measurements  oi  the  spectral  content  of  the  radiation  can  be  made.  Comporison  of 
the  meosurements  with  calculations  will  proyide  further  insight  into  the  nature  oi  the  electron 
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PRECISION  MEASURING  INSTRUMENTS  FOR 


0 


THE  RADIO  AND  ELECTRONIC  INDUSTRY 


FM  SIGNAL  GENERATOR  TYPE  202-B 

RF  COVERAGE:  54—216  mtgacycU*  in  two  rangas;  accuracy  ±  0.5%. 

FM  DEVIATION;  Two  rangot,  0—80  kc.,  0—  240  kc.,  continuoutly 
adjuctablo. 

FM  DISTORTION:  Lott  than  2%  at  75  kf.  dovlation. 

AMPLITUDE  MODULATION:  Ono  rango,  0—50%;  calibrationt  at 
30%  and  50%  modulation. 

INTERNAL  MODULATING  FREQUENCIES:  Eight  froguonciot  from  50 
cyclot  to  1 5  kc. 

RF  OUTPUT:  0.1  microvolt  to  0.2  voH,  continuoutly  adjuttablo  by 
moant  of  26.5  ohm  pitton  typo  attonuator. 


UNIVERTER  TYPE  203-B 

An  FM-AM  froguoncy  convortor  accottory  with  unity 
gain  for  uto  with  202-B  FM  Signal  Gonorotor. 

RF  RANGE;  0.4  me.  to  25  me. 

RF  INCREMENT  DIAL:  =t=250  kc.  in  10  kc.  incromonit. 

RF  OUTPUT:  0.1  microvolt  to  0.1  voH,  colibrotod  output  (26.5  ehmt); 
2  voHt  max.  uncalibrotod  output  (approx.  470  ohmt). 


Q-METER  TYPE  160-A 

FREQUENCY  RANGE;  50kc.to75mc.(^  1%,50kc.— 50 
mc.;^ 3%,  50  me.— 75  me.).  May  bo  oxtondod  down 
to  1  kc.  with  oxtomal  accottory  otcillator. 

RANGE  OF  Q  MEASUREMENTS,  COILS:  50—625. 

ACCURACY  OF  Q  MEASUREMENT:  In  gonoral,  ^5%. 

RANGE  OF  Q  TUNING  CAPACITOR:  Main  Soction, 
30—450  mmf.  (^1%  or  ^1  mmf.,  whichovor  it 
groator).  Vornior  Soction,  plut  3,  soro,  minut  3  mmf., 
(±0.1  mmf.). 


Q-METER 

TYPE  170-A 

FREQUENCY  RANGE: 

30  me.  to  200  mc.(±  1%). 

RANGE  OF  Q  MEASURE¬ 
MENT:  80—1200. 

ACCURACY  OF  Q  MEASUREMENT:  In  gon¬ 
oral,  ±10%. 

RANGE  OF  Q  TUNING  CAPACITOR:  II— 
60  mmf.  (±  1%  or  ±0.5  mmf.,  wh^hovor 
it  groator). 


QX-CHECKER  TYPE  110-A 

FREQUENCY  RANGE:  100  kc.  to  25  me.  uting 
accottory  plug-in  inductort.  A  calibration 
thoot  it  tuppiiod  with  oach  inductor,  occu- 
rato  to  within  ±3%. 

RANGE  OF  COIL  CHECKS:  Inductort  having 

valuot  botwoon  10  microhonriot  and  10  millihonriot  may 
bo  chockod  agointl  a  ttondard  to  an  accuracy  of  about  ±0.2% 
providod  tho  Q  of  tho  inductor  it  100  or  groator. 

CAPACITANCE  RANGE:  Capocitanco  valuot  botwoon  about  2—1000 
mmf.  may  bo  chockod  agointt  ttondard  by  diroct  tubttitution,  with  an 
accuracy  of  a  fow  tontht  of  ono  mmf.,  providod  Q  of  copacitort  it  high. 


BEAT  FREQUENCY  GENERATOR 

TYPE  140-A 

FREQUENCY  RANGE:  20  cyclot  to  5  mogacyclot  in  two  rangot; 
LOW  RANGE:  20  to  30,000  cyclot.  HIGH  RANGE:  30  kilocyclot  to 
5  mogacyclot.  Accuracy  ±2  cyclot  up  to  100  cyclot,  ±2%  obovo 
100  cyclot. 

OUTPUT  POWER:  Ono  watt,  ovoilablo  from  a  varioty  of  output 
impodoncot. 

ATTENUATOR;  5  ttopt;  X1.0,  X0.1,  X.01,  X.001,  X.0001. 
DISTORTION:  5%  or  lott. 


Write  for  further  information 


BOONTO^  RADIO 

BOOHTOH  •  N  J  -  U  S  A  V  ^ 


.duttaL.:- 
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plicity  and  wide  application.  Like¬ 
wise,  the  essentials  of  the  mathe¬ 
matical  analysis  are  given  because 
of  their  simplicity  and  because  the 
method  can  be  used  for  other  cir¬ 
cuits. 

The  voltage  rises  from  0  to  ^  in 
time  T,  therefore  the  rate  of  rise  is 
E/T,  and  the  input  voltage  is  e«  = 
Et/T.  The  current  can  be  found 
by  dividing  the  operational  trans¬ 
form  expression  for  the  voltage  by 


Thus  the  voltage  follows  and  is 
equal  to  the  input  voltage,  as  it 
also  has  this  equation.  If  T  is  con¬ 
siderably  less  than  RC,  then  .ipe 
whole  wavefront  is  transferred 
faithfully  across  the  resistor. 

For  the  second  case,  consider  T 
approximately  equal  to  RC.  Then 
t  =  T  =  RC,  substituting  in  Eq.  3. 

«.  -  iRCE/RC)  (1  -  €->)  =•  0.6321£  (5) 

or  is  approximately  (2/3)  F.  The 
voltage  across  the  resistor  thus 
rises  exponentially  to  about  (2/3) 
E,  and  there  is  some  differentiation 
and  loss  in  voltage. 

For  the  third  case,  consider  when 
the  wavefront  rises  to  its  full  value 
in  time  t  ^  T  =  ZRC.  Here  again 
the  voltage  rises  exponentially  to 
its  final  value,  which  is,  from  Eq.  3 

e*  =  (E/3)  (1  -  t-*)  =  (0.95/3) £  (6) 
or  is  approximately  (1/3)F.  In 
this  case  we  have  lost  2/3  of  the 
voltage,  and  are  now  in  the  region 
in  which  many  differentiating  cir¬ 
cuits  work.  The  analysis  indicates 
that,  unless  the  rise  time  of  the  in¬ 
put  voltage  is  about  the  same  as  or 
less  than  the  time  constant  of  the 
differentiating  circuit  into  which  it 
is  working,  much  of  the  voltage  is 
lost  in  passing  through  the  circuit. 

For  the  fourth  case,  consider  a 
rise  time  very  much  larger  than 
RC.  For  t  =  T  =  aRC,  where  a 

(continued  on  p  172) 


FIG.  1 — Pulse  iront  com  be  opproxiinated 
by  a  step  function  (curre  A),  a  linearly 
rising  front  (curre  B).  or  cm  exponentially 
rising  iront  (curre  C) 

curve  A  in  Fig.  1.  Actually  it  is 
physically  impossible  for  a  voltage 
or  current  to  change  Instantane¬ 
ously  from  one  value  to  another. 
Therefore  a  wavefront  cannot  have 
infinite  slope  as  implied  by  this 
function.  There  are  cases  in  which 
this  assumption  of  a  perfectly 
square  pulsefront  leads  to  errone¬ 
ous  results.  In  these  cases  the  fol¬ 
lowing  analysis  gives  better  results 
with  no  greater  complexity. 


FIG.  2 — Curros  in  Fig.  3  portain  to  this 
simplo  but  conunon  circuit 


Linearly  Rising  Pulse  Front 

Often  it  is  appropriate  to  as¬ 
sume  an  infinite  slope  as  a  first  ap¬ 
proximation,  and  to  interpret  the 
results  accordingly.  However  when 
this  approximation  gives  incorrect 
results  (One  of  the  principal  cases 
being  an  analysis  of  pulse  differ¬ 
entiation),  a  second  approximation 
to  the  solution,  a  linearly  rising 
pulsefront  such  as  curve  B  in  Fig. 

1,  which  is  close  enough  to  be  of 
great  practical  help,  can  be  as¬ 
sumed.  A  fairly  complete  analysis 
of  this  problem  has  assumed  expo¬ 
nential  rise  of  the  pulse,  such  as 
Curve  C  in  Fig.  1,  which  might  be 
considered’  as  a  third  and  even 
closer  approximation'. 

Nevertheless,  assumption  of  a 
linear  rather  than  exponential  rise 
may,  at  times,  be  more  accurate,  as 
the  rise  is  often  linear  until  just 
before  flattening  out,  particularly 
when  peaking  circuits  are  used. 

What  the  practical  electronic  de¬ 
signer  prefers  is  a  few  rules  of 
thumb  for  quick  application  to  vari¬ 
ous  cases,  especially  when  numer¬ 
ous  stray  effects  need  to  be  consid¬ 
ered  and  the  circuit  values  are  not 
accurately  known. 

Assume  a  linear  rise  of  the  pulse. 
By  way  of  illustrating  the  approach, 
a  simple  R-C  circuit,  shown  in  Fig. 

2,  is  considered  because  of  its  sim¬ 


the  operational  transform  for  the 
impedance,  and  solving  for  the  cur¬ 
rent  by  known  equivalences  (The 
operational  transform  method,  giv¬ 
ing  direct  solutions  of  pulse  trans¬ 
mission  problems,  should  be  at 
every  electronic  engineer’s  finger¬ 
tips.),  or  by  contour  integration  in 
the  complex  plane.  The  expression 
for  the  voltage  by  the  operational 
transform  method**,  for  the  rise 
period,  is  therefore  E/Tp,  where  p 
is  the  well  known  operator.  The  im¬ 
pedance  is  R  -I-  l/Cp,  thus 

j..  (1) 

R  +  l/Cp 

where  : :  denotes  operational  trans¬ 
form  equivalence.  The  solution  is 
i  =  (CE/T)  (1  -  (2) 

Usually  we  are  interested  in  the 
voltage  across  the  resistor.  This 
voltage  is 

e.  =  (RCE/T)  (1  -  €-‘/«<^)  (3) 

which  is  of  the  form  of  curve  C  in 
Fig.  1. 

Interpretation  of  Results 

To  interpret  this  equation  into 
practical  rules  of  thumb,  let  us 
consider  several  cases,  realizing 
that  for  thb  present  we  are  consid¬ 
ering  only  the  rise  period. 

First,  for  t  considerably  less  than 
RC 


FRENCH  ATOMIC  PILE 


Electronic  instrumentation  is  being  tised 
extensiyely  at  plants  outside  Paris,  France 
in  developing  nucleor  piles,  first  step  in 
manufacture  of  rodioactive  materials 
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Put  This  Formula 
To  Work  For  You 


The  formula  ’’’ifhc  >  favorite  and  ea8ily>remen4||red  aolu* 
tion  to  reaistance  problema.  Radio  and  eiectroii^  Engineers 
know  that  IRC  offers  the  most  complete  lir|(  of  resistance 
products  in  the  industry  ...  a  fixed  or  va|pbie  resistor  for  . 
most  every  requirement . . .  with  uniform  t^^ndability  proved 
{mm  by  years  of  rigorous  laboratory  and  fjjpd  tests.  Purchasing 

_ _  Agents  and  material  control  executivctdike  IRC's  service  .  .  . 

.  ;  "on-time”  deliveries  .  .  .  factory  sto^fc-piles  of  the  most  pop¬ 

ular  types  and  ranges  from  which^ey  can  draw  in  emergency 
...  IRC's  distributor  network,  providing  speedy,  ’round-the- 
comer  sersnee  for  small  ordeiflequirements.  •  > 

■  ^ 
this  formula  to  work  lUr  you  . . .  check  below  the  catalog 

dieting  In  whidt  you  fle  interested,  and  write  for  them  today 

on  your  letterhead,  |^ng  your  name  and  ude.  International 

Resistance  CompaA,  401  N.  Broad  Street,  Philadelphia  8, 

Pennsylvania.  liiKanada;  International  Resistance  Company, 

Ltd.,  Toronto, Bicensee. 


INSULATED 
COMPOSITION 
INSUUTCO  WIRE 
WOUND  RESISTOn 
IRC  type*  ^ 

BT  I  BW  . 


FINGER-TIP 
CONTROLS  AND 
SWITCHES 
IRC  types 
H  &  SH 


MATCHED  PAIR 
RESISTORS 


POWER  - 
RESISTORS  S 


WIRE  WOUND 
RESISTORS 
IRC  type  MW 


lAtt  MPfW: 

HIGH  VOLTAGE 
RESISTORS 
IRC  type  MV 


VOLTMETER 
MULTIPLIERS 
IRC  types  d 
MFA  I  MFBI 


PRECISION 

RESISTORS 


POWER  RHEOSTATS 

% '  S'i'W.'f* 


WATER-COOLED 
RESISTORS  £ 
IRC  type  Ly 


HIGH  POWER 
RESISTORS 
IRC  type  MP 


INTERNATIONAL  ^RESISTANCE  COMPANY 


Whefimikt  ci 


Pew«<  Retittori  •  Preciiiom  •  Imwiotee  Compotition  Re>i>iort«to*>  Wottope  Wire  Wew»<«»Rtiee«ttf  Cew<rol$«Vo>i»eler  MwtKpiieri^VeNape  D<»i4ert«MF  oiW  HipA  VePope  Re«i«*ert 
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NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  packaged  units. 
aOied  products;  new  tubes.  Catalogs  and  manu< 
facturers’  publications  reviewed. 


television  channels  without  read¬ 
justment.  Bidirectional  character¬ 
istics  of  the  antenna  are  essentially 
the  same  over  the  range  40.9  to  210 
me.  Graphs  showing  gain  relative  to 
a  dipole,  standing  wave  ratios  and 
measured  field  patterns  can  be  ob¬ 
tained  from  the  manufacturer. 


Audio  Compensator  (1) 

Arlington  Electrical  Products, 
Inc.,  18  West  26th  St.,  New  York 
10,  N.  Y.  The  model  EA-2  audio 
compensator  is  particularly  appli¬ 
cable  for  use  in  audio  equalization 


Wired  Music  Amplifier  (5) 

The  Langevin  Co.,  Inc.,  37  West 
65th  St.,  New  York  23,  N.  Y.  The 
model  610  amplifier  designed  for 
wired  music  has  a  power  output  of 
20  watts  with  less  than  2  percent 
rms  total  harmonic  distortion  from 


vides  the  finest  possible  reproduc¬ 
tion  from  the  present  broadcast 
band.  Frequencies  up  to  10,000  cy¬ 
cles  .are  passed  without  loss.  The 
combination  of  two  separate  tuners, 
having  only  the  audio  tube  common 
to  both,  eliminates  dead  spots  due 
to  interaction.  Other  features  are 
the  new  tuning  eye  (6AL7-GT)  to 
provide  the  accurate  tuning  neces¬ 
sary  on  the  f-m  band,  and  the  heavy 
duty  power  supply  which  is  an 
integral  part  of  the  chassis'  making 
for  compactness.  A  total  of  17  tubes 
is  used  in  the  tuner. 


of  film  and  disc  recording  and 
broadcast  studio  work.  The  rack¬ 
mounted  equipment  is  completely 
described  in  curves  and  a  specifi¬ 
cation  sheet  available  from  the 
manufacturer. 


Small  Multipole  Relayg  (2) 

Leach  Relay  Co.,  5915  Avalon 
Blvd.,  Los  Angeles  3,  Calif.  A  new 
line  of  small  multipole  relays  is  now 
available  for  circuits  not  exceeding 


Broad  Band  Antenna  (4) 

F.  A.  Kolster,  Vienna,  Va.  The 
broad  band  antenna  illustrated  can 
be  used  for  both  f-m  bands  and  the 


50  to  15,000  cycles.  Input  and  out¬ 
put  circuits  are  particularly  ar¬ 
ranged  for  connection  between 
telephone  line  and  speakers  or  dis¬ 
tribution  system.  Full  engineering 
details  are  available  in  a  4-page 
two-color  brochure. 


USING  THE  NUMIERS 

Readers  dasiring  furthar  dataili 
conearning  any  itam  listad  in  tha  Naw 
Products  dapartmant  can  obtain  tha 
information  by  using  tha  cards  fur¬ 
nished  as  a  stiff,  colored  insert  alse- 
whara  in  this  dapartmant. 

Place  tha  number  (appearing  to 
tha  right  of  tha  heading)  of  one 
item  in  which  you  are  interested  in  a 
circle  and  than  fill  out  tha  balance 
of  the  card  according  to  directions 
appearing  on  tha  colored  sheet.  Un¬ 
numbered  items  listed  at  the  end 
should  be  procured  direct  from  the 
manufacturer  or  publisher  upon  pay¬ 
ment  of  the  fee  noted. 


Tuning  Fork  Standard  (6) 

American  Time  Products,  580 
Fifth  Ave.,  New  York  19,  N.  Y. 
Type  2001  tuning  fork  frequency 
standard  is  available  for  any  fre¬ 
quency  in  the  range  from  200  to 
1,000  cycles.  The  fork,  of  bimetallic 
construction,  is  housed  in  a  hermet¬ 
ically  sealed,  shock-mounted  con¬ 
tainer.  Output  is  6  volts  at  150,000 
ohms,  approximately  a  sine  wave. 
Frequency  accuracy  is  0.001  per¬ 
cent  and  the  temperature  coefficient 


12.5  amperes,  noninductive,  in  com¬ 
binations  up  to  4-pole  double-throw. 
Coils  can  be  furnished  for  a-c  or  d-c 
operation.  Full  details  are  given  in 
Bulletin  202. 


F-M/A-M  Tuner  (3) 

Collins  Audio  Products  Co.,  126 
Park  St.,  Westfield,  N.  J.,  announces 
the  new  f-m/a-m  tuner  which  pro- 
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the  recently  formed  Continental  Network,  WlXHR,  Harvey’s  High  Fidelity  FM  station,  serves  as 
‘  FM  outlet  for  Eastern  Massachusetts.  Programs  originating  in  Washington,  D.  C.  are  received 
Km  WGTR  in  Paxton,  Mass,  on  103.1  Me.  and  rebroadcast  on  92.1  Me.  Harvey’s  193-R  High  Fidelity 
M  receiver  is  used  as  the  Relay-Link  receiver  at  WlXHR  and  furnishes  quality  audio  signals  to  its 
gnsmitter  for  rebroadcast  purposes.  / 


CHARACTERISTICS: 

Frequency  Range:  85  to  115  Me. 

Audio:  on  extremely  high  fidelity  audio  system  is  used, 
providing  flat  response  from  10  to  40,000  cycles. 

Sensitivity:  RMS  quieting  signal  of  1  microvolt. 

Bandwidth:  250  Kc.,  adequate  to  pass  the  sidebands 
^  produced  by  15  Kc.  modulation,  vrithout  appreciable 

bond-edge  attenuation. 

Squelch  Circuit:  smooth,  fast  acting  and  adjustable  from 
.1  microvolt  to  1  microvolt. 


<  Model  193-R  Hifih  Fidelity  FM  Receiver  (top  view)  em- 
ys  •  double  conversion  superheterodyne  circuit  usin((  two  I.F. 
nels  10.7  Me.  and  4.6  Me. 

Price  $490  f.(r.b.  Cambridge,  Massachusetts 


Size:  21'/2^  x  lO'/z’'  x  15',  available  in  an  attractive  gray 
wrinkle-flnish  cabinet. 


Write  for  further  information 
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a  factor  of  10  in  frequency  over 
previous  limits.  Recordings  of  three 
simultaneous  phenomena  at  fre¬ 
quencies  up  to  10,000'  megacycles 
have  been  made. 


Reproducers  (8) 

Radio-Music  Corp.,  East  Port  Ches¬ 
ter,  Conn.  Vertical,  lateral  or  uni¬ 
versal  heads  with  linear  response 
from  40  to  beyond  11,000  cycles,  to¬ 
gether  with  arms  and  an  equalizer 
are  now  in  production  under  the 
name  Para-Flux.  Bulletin  PRO  gives 


dates  all  sizes  of  acetate  and  18- 
inch  flowed  wax  masters.  The 
model  523  unit  operates  at  33J  rpm 
and  will  cut  either  outside-in  or 
inside-out  at  any  pitch  between  80 
and  160  lines. 


Multicrystal  Holder  (11) 

Valpey  Crystal  Corp.,  Holliston, 
Mass.  Two  or  three  transmitting 
crystals  in  a  common  holder  can  be 
used  in  sequence  by  turning  a 


for.  use  on  a-c  from  65  to  660  volts 
with  an  impedance  of  0.5  megohm. 
Voltage  is  read  directly  from  the 
scale.  When  connected  to  a  d-c 
source,  only  one  electrode  glows  and 
the  reading  is  multiplied  by  1.15. 


Pickup  Arm  (13) 

Vibro-Master  Co.,  144  West  54th 
St.,  New  York  19,  N.  Y.  A  new 
pickup  arm,  type  K,  has  bden  partic¬ 
ularly  designed  for  use' with  the 
GE  variable  reluctance  and  the 


(continuad  on  p 


NEWS  .OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


installations  by  Army  Ordnance 
and  the  Navy.  Both  Army  and 
Navy  have  firing,  stations  at  the 
White  Sands  Proving  Grounds. 
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Technical  programs  of  NAB  Engineering  Con¬ 
ference,  Instrument  Conference,  and  Western 
IRE  Conference;  status  of  facsimile;  radar 

Tracking  Stations  for  Guided  Missiles 


Instrumentation  capable  of  show¬ 
ing  the  speed,  trajectory,  range,  and 
other  characteristics  of  guided  mis¬ 
siles  for  approximately  the  full 
90-mile  length  of  the  White  Sands 
Proving  Grounds,  Las  Cruces,  New 
Mexico,  is  to  be  installed  by  the 
Army  Corps  of  Engineers  in  coop¬ 
eration  with  the  U.  S.  Navy. 

The  construction  program  calls 
for  the  erection  of  approximately 
75  additional  instrumentation  sta¬ 
tions  of  various  types  and  sizes, 
dust-proofed  as  necessary  to  house 


doppler  and  radar  equipment, 
tracking  cameras,  cine-theodolites 
and  other  paraphernalia. 

Rapid  developments  in  the 
guided  missiles  program  have  re¬ 
sulted  in  greater  range  of  the  mis¬ 
siles,  and  additional  stations  are 
necessary  to  enable  observations 
and  plotting  of  trajectories  in  the 
entire  flight  of  such  missiles. 

As  part  of  the  coordinated  pro¬ 
gram,  the  Army  Air  Forces  also  is 
installing  a  network  of  radar  and 
other  equipment  to  supplement  the 


PUTTING  SOUND  ON  INDUSTRIAL  MOVIES 


Electronics  Conference 
In  Chicago  Nov.  3-5 

The  complete  program  for  the  Na¬ 
tional  Electronics  Conference  at 
the  Edgewater  Beach  Hotel  in  Chi¬ 
cago  Nov.  3-5  includes  20  technical 
sessions  with  a  total  of  about  50 
papers,  two  luncheons,  and  the 
main  banquet,  in  addition  to  the 
general  session  Monday  morning. 
Technical  derails  of  the  new  dy¬ 
namic  noise  suppressor  circuit  in¬ 
vented  by  Herman  Hosmer  Scott 
will  be  released,  and  manufactur¬ 
ers  will  stage  educational  exhibits. 

Major  emphasis  in.  the  technical 
program  is  placed  on  industrial 
electronics,  having  a  total  of  three 
sessions,  with  one  of  these  ar¬ 
ranged  by  the  AIEE  in  connection 
with  their  national  convention  in 
Chicago  the  same  week. 

One  session  will  be  devoted  to 
commercial,  f-m,  and  television 
broadcasting,  and  another  to  color 
television  and  oscillography.  Other 
papers  will  deal  with  new  types  of 
antennas  and  with  instrumenta¬ 
tion,  and  a  panel  discussion  on 
electronic  research  will  be  led  by 
experts  in  the  fleld.  Subjects  of 
general  interest  to  all  will  include 
guided  missiles,  electronic  comput¬ 
ers,  ultrasonics,  infrared,  micro- 
w’aves,  audio  circuits,  and  detec¬ 
tion  of  particles. 


Studio  Recorder  (10) 

Fairchild  Camera  &  Instrument 
Corp.,  88-06  Van  Wyck  Blvd.,  Ja¬ 
maica  1,  N.  Y.  A  new  studio  re- 
11  corder  of  console  type  accomnio- 
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Pay-As-You-See  Television 


Thii  ultramodern  audio  console  in  the  projection  room  of  ReeTes  Sound  Studios, 
New  York  City,  is  capable  oi  mixing  eight  channels  to  a  single  output,  as  required 
for  putting  nctrrcrtion,  music,  and  sound  effects  on  sound  tracks  of  industrial  films 
with  precise  synchronization.  Operator  records  footage  at  which  each  sound  source 
comes  in.  along  with  all  required  data  on  Toliune  lerel  changes  and  fading  schedules. 
Many  practice  runs  ore  made  before  final  sound  channel  is  photographically  recorded 
on  the  film.  New  Reeves  studio  provides  over  five  floors  of  sound  stages,  shooting 
stages,  recording  rooms,  and  sound  laboratories  for  recording  sound  for  film,  records, 

radio,  and  television 


A  METHOD  of  charging  a  fee  for  a 
particular  television  program,  its 
amount  varying  with  the  nature  of 
the  entertainment,  was  recently  an¬ 
nounced  by  Zenith  Radio  Corpora¬ 
tion,  Known  as  Phone  Vision,  it 
operates  by  sending  a  vital  portion 
of  the  picture  signal  over  a  tele¬ 
phone  or  electric  power  line  to  the 
user.  Without  this  signal  the  pic¬ 
ture  is  a  confused  and  jumpy  blur. 

In  operation,  the  subscriber 
would  call  the  telephone  operator 
when  he  desired  to  see  a  special 
program,  and  would  receive  it  by 


full  details  of  interest  to  broad¬ 
casters,  recording  studios,  theaters 
and  other  users  of  recordings. 


High  Frequency  (9) 

Converter 

Columbus  Electronics  Inc.,  229 
So.  Waverly  St.,  Yonkers,  N.  Y. 
The  model'  HFC  610  converter  is 


is  better  than  1  part  in  a  million  per 
degree  Centigrade  from  0  to  65  C. 
Other  types  are  also  available. 


Microosoillograph  (7) 

Central  Research  Laboratories, 
Inc.,  Red  Wing,  Minn.  A  new  high¬ 
speed  microoscillograph  now  in  pro¬ 
duction  extends  the  range  of  appli¬ 
cation  of  single-sweep  recording  by 


available  in  two  ranges,  27  to  30  me 
and  50  to  54  me.  When  connected 
to  a  communications  receiver  it 
provides  sharp  tuning  and  image- 
free  reception.'  It  is  further  de¬ 
scribed  in  Bulletin  C5. 


knurled  rim.  The  unit  accommo¬ 
dates  crystals  mounted  in  holders 
having  0.094  diameter  pins  with 
half-inch  spacing.  The  Xtalector 
can  be  supplied  in  two  types  to  fit 
either  i  or  |-inch  sockets. 


Neoii-GloH  Voltmeter  (12) 

Industrial  Devices,  Inc.,  22  State 
Road,  Edgewater,  N.  J.  A  midget 
neon-glow  voltmeter  is  calibrated 


REVOLUTIONARY  NEW  FASTENER 


Available  in  Two  Types — Spring  Nut  and  Spring  Lock  Nut 


PROVED  BY  TESTS  and  hard  utaq*  on 
all  kinds  oi  products  this  now,  rsTolution- 
ory  iastsninq  dovico  is  alrsady  sayinq 
timo.  material  and  monoy  for  the  nation’s 
proqrossiTS  monuioctursrs. 


two  turn  typo  is  for  use  on  liqht  ossom- 
blios  and  the  throo  turn  typo  is  rocom- 
tnondod  when  it  is  nocossory  to  uso  hoary 
tiqhtoninq  torques  on  assembly. 

FOR  DRIVING  OR  SETTING  _adaptcd>lo 
socket  wrenches  are  now  standard  items 
as  manufactured  by  Apex  Machine  and 
Tool  Company.  These  new  Diamond  G 
Products — Spring  Nut  and  Spring  Lock 
Nut — hare  all  of  the  odrantaqes  of  regu¬ 
lar  nuts  and  core  adaptable  for  uso  in 
hopper  feeders.  Both  types  ore  priced  to 
offer  a  considerable  senrinq  orer  the  con- 
rentional  type  oi  nut,  or  fasteninq  derice. 
These  products  are  orailoble  in  rust  re¬ 
sisting  metal  os  well  as  high  carbon  steel. 

START  YOUR  PLANT  on  qreoter  elHciency 
today  .  .  .  write  for  the  complete  dato 
sheet  on  these  new  Diamond  G  time  and 
money  sarinq  products. 


TWO  TYPES  of  this  new  Diamond  G 
Product,  manufactured  by  the  Garrett 
Company,  ore  orailoble.  One  reploces  the 
conrentional  nut  and  is  colled  the  Dia¬ 
mond  G  Spring  NuL  The  other  is  made 
with  spring  action  tension  in  it  in  such  a 
way  that  it  supplies  action  similca  to  that 
oi  a  lock  nut — the  threads  inside  oi  the 
Diamond  G  Spring  Lock  Nut  maintoin  a 
strong  grip  on  the  bolt,  or  screw  and  the 
tighter  it  is  drown  up  the  greater  the 
locking  action. 


AVAILABLE  IN  TWO  AND  THREE  TURNS 
— depending  on  the  requirements.  The 


GEORGE  K.  GARRETT  CO.,  INC 

1421  CHESTNUT  STEEET.  PHILADELPHIA  2,  PA. 
MoRNfaefgrors  of 


DIAMOND  PRODUCTS 


LOCK  washers  •  •  FLAT  WASHERS  •  •  STAMPINGS  •  •  SPRINGS  •  •  HOSE  CLAMPS  •  •  SNAP  AND  RETAINER  RINGS 
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/f  irs  UHF  EQUIPMENT 


WE  CAN 

•  DESIGN 

•  DEVELOP 

•  PRODUCE  it/ 


LAVOIE  LABORATORIES  are  specialists  in  high 
frequency  work.  We  can  begin  with  your  own 
ideas  —  design,  develop  and  produce;  or  we  can 
manufacture  (in  any  quantity)  from  your  blue¬ 
prints. 

In  either  event,  we  can  do  a  business-like  job 
because  we  have  the  personnel  and  equipment 
for  precision  work  plus  a  background  of  practi¬ 
cal  experience. 


RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE.  N.  J. 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 


A  few  typical  examples  of  LAVOIE-produced 
equipment  are  shown,  including  Frequency 
Standards — Frequency  Meters — Receivers,  etc. 

Complete  information  and  detailed  esti¬ 
mates  of  LAVOIE  service  are  available 
promptly  without  obligation. 
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means  of  an  attachment  on  the  tele¬ 
phone  line.  He  would  be  billed  at 
*  the  end  of  each  month  for  the  spe¬ 
cial  programs  actually  received, 
much  as  he  is  now  billed  for  long¬ 
distance  calls.  All  standard  tele¬ 
vision  broadcasts  would  be  free, 
and  the  key  signal  would  be  used 
only  for  top-flight  entertainment 
features  such  as  new  superpictures, 
Broadway  plays,  current  newsreels, 
and  special  sporting  events.  These 
features  are  not  available  for  ordi¬ 
nary  television  because  their  high 
production  costs  make  them  far  too 
expensive  for  an  advertising  spon¬ 
sor. 

In  making  the  announcemeat. 
Commander  E.  F.  McDonald,  Jr., 
Zenith  president,  stated  that  up  to 
a  year  would  be  required  to  get  the 
system  in  operation  in  a  few  key 
cities  now  having  television,  that 
Phone  Vision  sets  would  soon  be  in 
production,  and  that  existing  tele¬ 
vision  transmitters  can  easily  be 
altered. 


NEMA  Elstablishes 
Electronic  Heating  Group 

Eleven  manufacturers  of  induc¬ 
tion  and  dielectric  heating  equip¬ 
ment  have  formed  a  new  Induction 
and  Dielectric  Heating  Apparatus 
Section  within  the  National  Elec¬ 
trical  Manufacturers  Association. 
Chairman  is  Dr.  H.  B.  Osborn,  Jr., 
sales  manager  of  the  Tocco  Divi¬ 
sion  of  The  Ohio  Crankshaft  Co., 
and  vice-chairman  is  C.  W.  Miller, 
sales  manager  of  Westinghouse’s 
Industrial  Electronics  Division  in 
Baltimore. 

The  section  was  formed  to  insure 
greater  benefits  to  users  of  high- 
frequency  heating  equipment  by 
such  means  as  establishing  equip¬ 
ment  standards  and  ratings,  pre¬ 
scribing  uniform  safety  require¬ 
ments,  and  studying  other  factors 
affecting  efficiency,  production,  and 
costs  of  heating. 

Other  companies  participating 
are  Allis-Chalmers  Mfg.  Co.,  Cut- 


Transmitter  Maintenance  for  Small  and 
Medium-Sised  Stations  —  symposium,  con- 


R.  V.  Howard 


O.  W.  Towne 


O.  B.  Hanson 


P.  A.  do  Mors 
(continued  on  p  241] 
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ler-Hammer,  Inc.,  Federal  Tele¬ 
phone  &  Radio  Corp.,  General 
Electric  Co.,  The  Girdler  Corp,, 
Induction  Heating  Corp-i  Lepcl 
High  Frequency  Laboratories,  Inc., 
RCA  Victor  Division,  and  Wel- 
tronic  Co. 


-h  5- 


NAB  Engineering  Conference 

ENGiN^sauNG  progress  in  television, 
f-m,  and  standard  a-m  broadcasting 
will  be  stressed  at  the  day-long  en¬ 
gineering  conference  that  opens  the 
annual  convention  of  the  National 
Association  of  Broadcasters  in  Con¬ 
vention  Hall,  Atlantic  City,  N.  J. 
Sept.  16-18#  The  agenda,  prepared 
under  the  direction  of  Royal  V. 
Howard,  NAB  director  of  engineer¬ 
ing,  is  as  follows : 

Sept.  15,  morning  session,  pre¬ 
sided  over  by  Orrin  W.  Towner, 
chairman  of  NAB  engineering  ex¬ 
ecutive  committee  and  technical  di¬ 
rector  of  WHAS,  Louisville,  Ky.: 


Recent  Televlalon  Developmenta,  by  0.  B. 
Hanson,  vice-president  and  chief  eneineer  of 
National  Broadcasting  Co. ;  emphasis  on 
photography  of  kinescope  images ;  illus¬ 
trated  with  motion  pictures. 

Frequency  Modulation  Broadcast  Station 
Construction,  by  Paul  A.  de  Mars  of  Ray¬ 
mond  M.  Wilmotte,  Inc. 

Audio  Considerations  for  Broadcast  Sta¬ 
tions.  by  John  D.  Colvin,  audio  facilities 
engineer  at  American  Broadcasting  Co. 

Sept.  15,  afternoon  session,  pre¬ 
sided  over  by  Royal  V.  Howard: 


MEETINGS 


Auc,  26-29:  AIEE  1947  Pacific  Gen- 
eral  Meeting,  Hotel  San  Diego,  San 
Diego,  Calif. 

Sept.  8-12:  Second  Annual  Confer¬ 
ence  and  Exhibit  of  The  Instrument 
Society  of  America,  at  Stevens  Hotel, 
Chiiago. 

Sept.  12-13:  FMA  convention  and 
exhibits,  Roosevelt  Hotel,  NYC. 

Sept.  15-18:  Annual  convention  and 
exhibit.  National  Association  «f 
Broadcasters,  Convention  Hall,  At¬ 
lantic  City,  New  Jersey. 

Sept.  23-25:  AIEE  Middle  Eastern 
District  Meeting,  Dayton;  Ohio. 

&PT.  24-26:  West  Coast  IRE  Con¬ 
vention,  Palace  Hotel,  San  Francisco, 
Calif.,  ProL  Karl  Spangenburg,  gen¬ 
eral  chairman,  Stanford  University, 
Palo  Alto,  Calif. 

Sept.  26-28 r,Third  annual  Electronics 
Trade  Show,  Hotel  Whitcomb,  Scm 
Francisco,  sponsored  by  West  Coast 
Electronic  Manufacturers’  Associa¬ 
tion,  W.  Noel  Eldred,  secretary,  care 
of  Hewlett-Packard  Co.,  Palo  Alto, 
CaUL 

Sept.  26-28:  Hudson  Division  ARRL 
Convention,  Convention  Hall,  Asbury 
Park,  N.  J.;  technical  papers  and 
exhibits  of  electronic  equiiunent  for 
radio  amateurs. 

Sept.  29-C)ct.  2:  Annual  meeting.  In¬ 
ternational  Municipal  Signal  Associa¬ 


tion,  Inc.,  Pantlind  Hotel,  Grand 
Rapids,' Michigan;  technical  papers 
and  exhibits  of  police  and  fire  radio 
equipment. 

Sept.  30-Oct.  11:  National  Radio  Ex¬ 
hibition,  Olympia  Hall,  London, 
sponsored  by  British  Radio  Industry 
Council  and  featuring  new  British 
radio,  electronic  control,  radar,  and 
television  equipment. 

Oct.  20-24:  SMPE  Theater  Engineer¬ 
ing  Conference,  Hotel  Pennsylvania, 
New  York. 

Oct.  23-25:  Annual  Meeting,  Optical 
Society  of  America,  Netherland 
Plaza,  Cincinnati,  Ohio;  symposium 
on  microwave  optics. 

Nov.  3-5:  National  Electronics  Con¬ 
ference,  Edgewater  Beach  Hotel, 
Chicago. 

Nov.  3-7:  AIEE  Midwest  General 
Meeting,  Chicago,  III.- 

Nov.  7-8:  Conference  on  X-ray  and 
Electronic  Diffraction,  Mellon  Insti¬ 
tute  of  Industrial  Research,  Pitts¬ 
burgh,  Pa. 

Nov,  17-19:  Rochester  Fall  Meeting, 
Sheraton  Hotel,  Rochester,  N.  Y.; 
technical  papers  and  exhibits. 

March  22-25:  IRE  Convention  and 
Radio  Engineering  Show,  Hotel 
Commodore  and  Grand  Central  Pal¬ 
ace,  New  York  City. 


TECHNICAL  PURPOSE -DUAL  BAND 

FM  RECEIVER 


Here  is  a  custom  built,  top  quality  instrument— designed  and  produced 
by  the  leading  manufacturer  of  FM  transmitters. 

This  receiver  is  proving  most  useful  to  broadcasters  for:  monitoring, 
relaying,  qualitative  field  strength  measurements,  checking  directive 
antennas,  demonstrations  and  many  other  professional  u^es. 

Used  in  combination  with  a  quality  reproducer,  this  instrument  will  give 
the  discriminating  listener  the  highest  performance  in  FM  reception. 


Sp*cif jeot/ons  of  Mod*/  646  —  illustrated  obov*  —  includes  standard  receiver, 
Its  volt  A.  C.  power  supply  and  1 0  watt  amplifier  in  a  single  cabinet: 


cialed  with  the  AAodel  646  Receiver  hat  lets  than  1.S%  distartion  at  full 
output  for  any  fundamental  from  50  to  7500  eyelet. 

Image  Rejection:  Better  than  45  db.  " 

I.F.  Rejection:  Better  than  65  db. 

Power  Supply:  115  voitt,  60  eyelet,  tingle  phate.  Contumption  125  watts. 
Output:  10  wattt,  500  and  8  ohmt. 

Controls:  Tuning,  Bond  change  switch.  Audio  frequency  guin.  Radio 
frequency  gain.  Power  switch. 

Meters:  Signal  strength. 

Tuning  indicator. 

Dimensions:  19"  wide  x  16%"  deep  x  10%"  high. 

Weight:  54  lbs.  net. 


Sensitivity:  Receiver  limits  on  input  circuit  noise  at  any  frequency  in 
the  88  to  108  and  44  to  50  megacycle  bonds.  For  all  input  signals  of  four 
microvolts  or  more  applied  to  the  input  terminals,  the  receiver  output 
signal  to  noise  ratio  in  o  bond  from  50  to  15,000  cycles  it  within  three  db 
of  the  optimum  obtainable  at  the  present  state  of  the  art  where  the 
limiting  noise  it  random. 

Frequency  Response:  Plus  or  minus  1  db  30  to  15,000  cycles,  including 
de-emphosit  of  75  microsecond  lime  constant. 

Noise  Suppression:  Receiver  noise  is  70  db  or  more  below  output  of 
ten  watts  for  any  quieting  carrier. 


Net  price:  $340  F.O.B.  factory  —  plus  tax.  Now  In  production  for  early  delivery. 


Waveform  Distortion:  Receiver  distortion  up  through  the  detector  is 
less  than  1%  for  100%  modulation.  The  ten  watt  audio  omplifier  asso- 


Frequency  Range:  88  to  108  and  44  to  50  megacycles. 


Other  models  available  include  #647  —  designed  for 
schools  and  other  applications  where  o  receiver  but  no 
audio  amplifier  is  needed.  Incorporates  receiver  chassis 
and  AC  power  supply. 


#648  for  mobile  us*  —  includes  receiver  chassis,  6  volt 
DC  power  supply  combined  with  4  watt  amplifier. 
Operates  from  6  volt  storage  bottery. 


Inquiries  for  descriptive  bulletin  or  further  details  will  be  promptly  answered. 


RADIO  ENGINEERING  LABORATORIES,  INC. 


35-54  36th  STREET 


LONG  ISLAND  CITY  1,  N.  Y. 
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TUBES  AT  WORK 

(continued  from  p  134) 

and  simply  multiplies  these  ranges 
mentally  by  Y/10. 

For  positions  9,  10,  and  11  of  the 
range  selector  switch,  1,000,  100, 
and  10  ohms  respectively  are 
shunted  directly  across  the  test- 
lead  binding  posts,  and  the  voltage 
drop  across  the  particular  one  of 
these  resistors  being  used  is  op- 
posed  through  phones  and  vibrator 
by  the  calibrated  voltage  drop 
across  the  measuring  potentiom¬ 
eter.  The  instrument  then  acts  as 
a  current  meter  with  a  range  of 
1.0,  10,  or  100  ma.  The  1.0-volt 
range  (position  8)  can  also  be  re¬ 
garded  as  a  500-/ia  range. 

•  Ranges 

The  following  resistance  ranges 
are  obtained  for  positions  2 
through  11  of  the  range  switch  re¬ 
spectively:  1,000,000,  400,000,  200,- 
000,  100,000,  20,000,  10,000,  2,000, 
1,000,  100,  and  10  ohms.  The  cor¬ 
responding  voltage  and  current 
ranges  are :  500,  200,  100,  50,  10,  5, 
and  1  volt;  and  1,  10,  and  100  ma. 

By  adding  external  resistance  be¬ 
tween  binding  posts  Mi  and 
higher  ranges  of  voltage  and  resist¬ 
ance  can  be  readily  obtained.  The 
0.1  fit  capacitor  together  with 
switch  St  and  pushbutton  Si,  makes 
it  possible  to  measure  quite  high 
resistances  provided  accurate  range 
multipliers  of  the  same  value  are 
available.  To  make  such  high  re¬ 
sistance  measurements,  the  vi¬ 
brator  is  removed  from  the  instru¬ 
ment,  and  the  push  button  is  used 
as  a  hand  operated  interrupter. 
This  gives  the  capacitor  time  to 
charge  between  successive  applica¬ 
tions  of  the  push  button,  and  when 


OTHER  STACKPOLE 
PRODUCTS 

nXID  AND  VARIAUf  RISISTOM 
IRON  CORIS 
Down  TUSI  ANODIS 
niCTRICAL  CONTACTS 
CARSON  PILE  VOLTAOE 
REOUIATOR  DISCS 
MCROPHONE  CARSONS 
SINTERED  ALNICO  II 
MRAIANENT  MAGNETS 
•  •  •  omI  Ammi*  NMr* 


lOOf  Uses  for  these  16  Handy 

SLIDE  SWITCHES 


■ 


1  CONTACT  CODE  I 

POSITION 

1 

POSITION 

2 

mu 

POSITION 

3 

POSITION 

4 

Name  the  switch  contact  arrangement 
you  need !  From  1  to  6  poles,  up  to  4 
positions,  with  or  without  detent, 
spring  return,  covers,  or  other  optional 
features. 

Glances  are  Stackpole  can  supply  ex¬ 
actly  the  right  switch — promptly  and 
inexpensively.  16  standard  slide  types. 


each  designed  for  good  appearance  and 
real  dependability,  provide  a  low  cost 
way  of  modernixing  almost  any  electri¬ 
cal  equipment  and  adding  greatly  to 
its  sales  appeal.  Many  economical  adap¬ 
tations  can  be  supplied  on  special  order 
to  large  quantity  users. 


Write  jor  Catalog  R06 ' 


STACKPOLI  CARBON  CO.  •  ST.  MARYS,  PA. 

iLtCTROMie  COMPOMiMTS  DIVISION 
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QUALITY  FASTENERS 
FOR 

QUANTin  CUSTOMERS 


tN^UT 

msf 


COMPANY- 

^odWSS- 


See  8GOV1LL! 


,0«fHllUf$*K5!E 


fOt  SIMS  VIASHW 


Washer  permanently  fastened  on,  yet 
free  to  rotate  Easier,  foster  driving. 
No  fumbled,  lost  or  forgotten  washers. 
Matching  finish  on  both  parts.  Easier 
ordering  ond  bolanced  inventories. 


Increase  assembly  speed  up  to  50% ! 
Cut  down  injuries  to  workers  with  no 
burrs,  no  skids.  Reduce  production  costs 
Reduce  rejects!  Improve  product  ap¬ 
pearance!  Go  modern  with  Phillips! 


C010-F0R6® 


Look  at  the  fastenings  you’re  now  using— and  see  if  they're 
the  best  for  the  job.  Get  better  results— at  less  cost— with 
modern  fastenings.  If  you  use  fastenings  in  large  quantifies. 
It  will  pay  you  to  find  out  what  Scovill  can  do  for  you.  Fill 
out  and  mail  the  coupon  below— now/ 


MAIL  COUPON  TODAY! 


»  CONN- 

1  WATC*''**-*-*  '  .^ortnorton  oo* 

n  SeovlW  f »  .  p  Sewv'*  . 


— -1 
i 

!•  i 

I 


The  latest  type  recessed-head  screw. 
Screw  locks  on  driver.  Can't  fall  off. 
No  screw-diiver  slippage.  Easy  to  as¬ 
semble.  Exceptional  driver  life.  Ordi¬ 
nary  screw-driver  may  also  be  used. 


Scovill  is  expert  in  cold-forging  unusual 
special  fastenings,  such  as  the  one 
shown.  Scovill  designing  ability,  engi¬ 
neering  skill,  men  and  machines  save 
money  for  customers.  Consult  Scovill! 


Bv  Robert  K.  F.  Scal 

yew  York.  y.  Y. 


In  connection  with  the  construc¬ 
tion  of  synchronization  equipment 
for  the  Stanford  University  multi¬ 
frequency  ionosphere  recorder,  the 
author  developed  a  frequency  di¬ 
vider  which  is  simple  in  construc¬ 
tion,  dependable  in  operation  with 
either  continuous,  intermittent 
series  or  individual  actuating 
pulses,  and  which  has  already 
proved  valuable  in  several  other  ap¬ 
plications.  Due  to  its  original  ap¬ 
plication  as  a  pulse-frequency 
halver  it  was  referred  to  as  a  pulse- 
halver.  However,  it  is  more  broadly 
referred  to  as  a  half-shot  multivi¬ 
brator,  from  the  fact  that  it  is  de- 


Cathode-Coupled  Half-Shot 
Multivibrator 


TUiES  AT  WORK  (cenfinutd) 

the  latter  is  depressed,  the  charge 
produces  a  click  in  the  phones. 
These  clicks  disappear  when  the 
measuring  potentiometer  is  ro¬ 
tated  to  the  point  of  bailee.  The 
vibrator  should  also  be  removed 
during  all  a-c  measurements. 

The  tolerance  for  the  resistors 
used  is  one  percent.  Experience 
has  shown  that  a  raised  scale  of 
small  dots  in  which  division  points 
are  pfaced  only  at  intervals  of  5 
percent  of  full  scale,  can  easily  be 
read  by  touch  to  an  accuracy  of  bet¬ 
ter  than  1  percent.  If  the  distance 
between  division  points  is  between 
approximately  3/16  and  3/8  inch, 
these  dimensions  are  commensurate 
with  the  dimensions  of  the  very 
sensitive  area  on  the  tip  of  the 
index  finger.  Under  the  worst  con¬ 
ditions,  readings  should  not  be  sub¬ 
ject  to  an  error  greater  than  2  per¬ 
cent  of  full  scale.  Usually  the  errors 
observed  have  been  less  than  1  per¬ 
cent 


FIG.  1 — Circuit  of  the  hali-thot  multiyi 


This  recently  completed  modern  structure,  provid¬ 
ing  more  than  32,000  square  feet  of  floor  space, 
is  our  new  home. 

Production  volume  has  been  considerably  in¬ 
creased  by  the  installation  of  latest  equipment  for 
highly  specialized  operations.  Engineering,  inspec¬ 
tion  and  testing  facilities  have  been  greatly  ex¬ 
panded  to  insure  excellence  of  products  with  the 
maximum  of  efficiency. 

These  greatly  expanded  overall  plant  facilities, 
plus  the  recognized  dependability  of  S  C  A  prod- 
^ct$,  make  it  possible  for  us  to  offer  the  most  com- 
B^te  line  of  Selenium  Rectifiers  and  self-generating 


1  C  K  E  R  f  Incorporoted 
ai60  EAST  IMPERIAL  HIGHWAY  •  EL  SEGUNDO,  CALIFORNIA 

EXPORT:  Frozor  &  Hons*n,  ltd.,  301  Cloy  Si.,  Son  Froncisce  11.  Colif. 
Conodo:  Powertronic  Equipment  ltd.,  494  Kinq  St.,  E.  Toronto  2,  Conodo 
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ELECTRONIC  VOLTMETER 


I  DECADE  AMPLIFIER 


MODEL  300 
ELECTRONIC 
VOLTMETER 


MODEL  320 
DECADE 
AMPLIFIER 


^  DiitMivas 
tlw  •niy  VOLTMETER 
fMliiring  a  simpMUd 
LOGARITHMIC  scale 


MODEL  402 
R^^IPLIER 


10  MICROVOLTS 
to  10,000  VOLTS 


ONE  BILLION  TO  ONE 


This  enor> 
mous  range  of  AC  voltages  —  is  easily 
covered  by  the  Model  300  Voltmeter, 

Model  220  Decade  Amplifier  and  Model  402 
Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  fre¬ 
quency  range  of  10  cycles  to  150  kilocycles.  The 
Model  300  Voltmeter  (AC  operated)  reads  from 
.001  volt  to  100  volts,  the  Model  220  Amplifier 
(battery  operated)  supplies  accurately  standard¬ 
ized  gains  of  lOx  and  lOOx  and  tbe  Model  402 
Multipliers  extend  tbe  range  of  the  voltmeter  to 
1,000  and  10,000  volts  full  scale. 

Descriptive  Bulletin  No.  10  Available 


BALLANTINE  LABORATORIES,  INC 

■OONTON,  NEW  JERSEY,  U.S.A. 


veloped  from  the  basic  Eccles-Jor- 
dan  multivibrator  circuit  and  that 
one-half  an  output  cycle  is  obtained 
for  each  complete  input  cycle. 

The  circuit  developed  by  the  au¬ 
thor  is  simple  in  construction  and 
does  not  require  a  large  negative 
voltage  from  a  separate  power  sup¬ 
ply.  It  operates  with  any  plate 
supply  voltage  from  125  to  325 
volts  ajid  the  cathode  potential  will 
not  exceed  eighty  volts  with  re¬ 
spect  to  ground  or  heater. 

Uses 

One  application  of  this  circuit  is 
for  frequency  division,  where  any 
frequency  (from  practically  zero  on 
up  into  the  lower  r-f  range)  may  be 
divided  by  any  power  of  two  simply 
by  using  the  required  number  of 
stages  in  series,  the  output  of  each 
stage  being  applied  to  the  input  of 
the  next  through  a  simple  R-C  dif¬ 
ferentiating  circuit.  By  means  of 
a  single-pole  selector  switch  a  ver¬ 
satile  circuit  may  be  constructed 
to  give  either  rectangular  waves 
or  pulses,  by  connecting  the  taps 
either  ahead  of  or  following  the  dif¬ 
ferentiators,  or  both,  at  a  number 
of  different  frequencies. 

The  half-shot  multivibrator  may 
also  be  employed  as  an  electronic 
switch,  which  operates  each  of  two 
external  circuits  by  means  of  the 
output  voltage  of  either  or  both  of 
the  plates.  For  this  purpose  the 
circuit  supplies  two  rectangular 
waves  180  degrees  out  of  phase. 

Circuit  Operation 

The  basic  circuit  is  shown  in 
Fig.  1.  This  circuit  is  symmetrical 
and  is  stable  with  either  triode  con¬ 
ducting,  and  the  other  one  cut  off. 
This  means  that  it  is  possible  for  a 
single  input  pulse  to  actuate  it  for 
one-half  cycle. 

As  this  circuit  is  activated  only 
by  a  negative  pulse  whose  magni¬ 
tude  is  limited  to  a  reasonable 
value,  it  may  be  triggered  by  a  dif¬ 
ferentiated  rectangular  wave,  each 
cycle  of  which  gives  a  single  operat¬ 
ing  pulse  and  thus  one-half  of  an 
output  rectangular  wave  cycle.  In 
this  way,  two  input  rectangular 
wave  cycles  (pulses)  give  a  single 
output  rectangular  wave  cycle.  If 
alternate  negative  input  pulses  are 
equally  spaced,  the  output  will  be  a 
square  wave,  but  by  controlling  the 
spacing  of  the  input  pulses,  rec- 
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If 


^^fSCUAROS! 


ASK  THE  DESIGNER!  He  knows  that  glass  stanils  near 
the  top  of  the  list  of  dielectrics  which  offer  greatest  resistance 
to  heat,  corrosion,  flame,  oxidation,  rot  and  other  deteriorants. 
Woven  of  soft,  flexible  fibrous  glass  yarn.  TURBO  Glass 
Tubing  is  inherently  an  excellent  insulator.  Combined  with 
TURBO  varnish  impregnants  in  the  manufacturing  process, 
it  becoities  an  ideal  materia!  tor  exceptionally  difficult  appli¬ 
cations.  ■  Below  are  listetl  some  of  the  other  quality  TURBO 
insulating  mi^terials  extensively  used  in  industry: 


An  oil  purp«M  intuletion  for  any  but  the  highar  diala<tri<  rongos.  Varnish  intprognatod  toHgg 
yarns.  Flaxibla,  strong,  rosislant  to  acids  and  oils.  Good  moisturo  and  ftomo  rosistaac#.  0i> 
oloctric  broakdown— 1 300  V..  par  ASTM  tost. 


Saturated  Sleeving 


Plastic  lasalated  Wire.M 


Numbor  IS  and  ffnor  slrondod  and  solid  conductor  with  a  soomlass  oxtrwdod  pIcMtlc  insvIatlM. 
Surpassing  dioloctric  proportios.  Sosistont  to  oils,  organic  solvonts,  acids,  olkaliot  arid  opidg 
tion.  Minimun  shrinkogo  and  burning  offocts  in  soldaring  and  potting. 


VarMsIied  Tubing . I. 


A  suporior  broidod  cotton  insulation  footuring  saturation  imprognotion  ol  eoxiblg  vomlaligg. 
Strong,  Soxiblo,  non-pooling,  non-crocking,  moisturo,  oil,  acid  and  flomo  rooistoM.  DIolgclTU 
brookdown  ASTM  tost— -Mognoto  grodo^7000  V,,  Sodio  grodo  4000  V, 


Mka&Mka  Predicts. 


All  forms — ploto,  block  sogmonts,  films-  Sigid  control  in  oil  stogos — grading  soloction,  fobrieg- 
tion  and  tosting  insuros  uniformity  and  quality  in  finishod  products.  Moots  all  tosts  involving 
physical  and  oloctricol  stability.  Spocific  problom-colloboration  is  invitod. 


ILUAM  BRAND  &  COMPANY 

271  rmn  me,  new  tom  io,  at.-  its  w.  imon  st,  ciicah  ia  al 
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TUBES  AT  WORK  (continutd) 

tangular  waves  of  various  propor¬ 
tions  may  be  obtained  from  the 
output. 

Action  With  Positive  Pulse 

In  either  stable  condition,  one 
triode  is  conducting  and  the  other 
is  cut-off.  If  a  positive  pulse  is  ap¬ 
plied  to  the  cathodes  the  conducting 
tube  will  tend  to  conduct  less  cur¬ 
rent,  However,  this  tendency  is 
counteracted  by  the  fact  that  any 
decrease  in  this  grid-cathode  po¬ 
tential  causes  less  grid  current  to 
flow,  and  the  drop  in  the  cathode, 
the  grid-to-plate,  and  the  plate-to- 
plate  supply  resistors  causes  the 
grid  voltage  to  return  to  nearly 
zero  with'respect  to  the  cathode. 

As  the  cathode  and  grid  go  posi¬ 
tive  as  a  unit,  the  plate  does  like¬ 
wise,  and  due  to  the  coupling  capa¬ 
citor  the  grid  of  the  cut-off  tube  is 
forced  to  go  more  positive.  How¬ 
ever,  the  grid-cathode  potential  of 
the  cut-off  tube  remains  about  the 
same  and  this  tube  is  held  beyond 
cut-off  even  with  a  positive  pulse 
on  the  cathode.  Therefore  the  cir¬ 
cuit  is  not  actuated  by  positive 
pulses  as  long  as  the  coupling  ca¬ 
pacitor’s  discharge  time  constant  is 
large  compared  to  the  pulse  width, 
and  the  pulse  is  of  reasonable  mag¬ 
nitude. 

With  a  positi^Ku^nput  pulse,  a 
very  small  positlv^  p^p  is  visible  on 
the  plate  W'aveform  during  both  the 
cutoff  and  ’-iconductftig  portions, 
since  the  drop  in  grid  current  of 
the  conducting  tube  also  causes  the 
latter’s  plate  voltage  to  rise.  These 
pips  are  visible  only  with  large  ver¬ 
tical  amplification  of  the  plate  volt¬ 
age  waveforms. 

Effect  of  Negative  Pulse 

If  a  negative  pulse  is  applied  to 
the  cathodes,  the  tube  that  is  con¬ 
ducting  will  continue  to  do  so,  but 
the  other  tube  will  start  to  conduct, 
causing  its  plate  voltage  to  be  de¬ 
creased.  Due  to  the  coupling  ca¬ 
pacitor,  the  grid  potential  of  the 
conducting  tube  will  be  slightly  de¬ 
creased  also,  so  that  it  starts  to  cut 
off,  causing  its  plate  voltage  to  rise, 
which  in  turn  raises  the  grid-cath¬ 
ode  potential  of  the  formerly  con¬ 
ducting  tube  still  more  through  the 
other  coupling  capacitor. 

This  action  is  cumulative  and  in¬ 
stantaneous,  amounting  to  a  com¬ 
plete  switching  of  tubes.  Another 


AUTOMATIC 
ELECTRIC  TEMPERATURE 
CONTROLS 


Accuracy — Long  Life 
Dependability 


Efficient  design  and  rugged  construction  make  "Diamond  H” 
electric  temperature  controls  your  best  choice  for  domestic  and 
commercial  cooking,  water  heating  and  industrial  applications 
requiring  accurate  thermostatic  control  of  electrical  heating 
circuits. 

Hot  water  and  oven  type  thermostats  with  current  ratings  to 
35  A.,  230  V.,  A.C.  Operating  temperatures  to  550°  F. 


Hydraulic,  immersion  type 
for  water  and  other  liquid 
applications.  Snap  action. 
Silver  contacts.  30  A.,  115 
V.;  25  A.,  230  V.;  A.C.  only. 


"Diamond  H”  controls  will  be  engineered  to  your  requirements. 
Ask  about  "Diamond  H"  switches,  pilot  lights  or  convenience 
outlets. 

THE  HART  MANUFACTURING  COMPANY 
202  BARTHOLOMEW  AVENUE,  HARTFORD,  CONN. 
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AMAZINGLY  QUIET- 


POWERFUL 


Motor  rumble  —  the  bugaboo  of  all  magnetic  re¬ 
corders  and  pick-ups — now  reaches  a  new  vanishing 
point  in  a  revolutionary  new  motor  developed  by 
the  Russell  Electric  Company. 

Known  as  the  Type  300  motor  (Pat.  No.  2071224), 
it  combines  high  starting  torque  with  high 
efficiency  and  flexibility.  A  4-pole  motor,  it  has 
a  very  low  external  field  because  of  the  large 


amount  of  iron  in  its  core.  Unmatched  in  design! 

Lasting  quietness  is  assured  by  a  rabbeted  stator 
that  keeps  rotor  accurately  centered  and  aligned 
— plus  a  precision  dynamic  balance. 

Smooth,  cool -running  operation  is  assured  by 
an  efficient  lubricating  system  and  ttvo  cooling  fans. 

Prompt  delivery  now  offered  on  Type  300  motor. 
Phone,  write  or  wire  for  complete  information. 


1 

I  340  West  Huron  Street  •  RUSSELL  ELECTRIC  COMPANY  •  Chicago,  Illinois 
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USERS 

WRINKLE! 


ffFOR  LOWEST  COST 
FOR  DURABILITY 
FOR  SALES  APPEAL 


Testimonials: 


•  Wrinkl*  h  "loav  w««rhi4, 
dMt  not  Mor  Msily  .  .  .Imx- 
p«Miv*  to  apply  .  .  .  offoctivoly 
eovor«  shHoco  dofocH." 

BcomIi  ft  Loo*  Optical  Co. 

•  Wrloklo  "ttaods  ap  nndor  a 
wMo  raagc  of  ohoocplioric  eoo- 
Mtioos  to  whleh.  aircraft  oqolp* 
Moot  is  oocossorily  sobioct^." 

Tko  A.  W.  Hay«loo  CoMpooy 

•  "Wrloklo  will  stood  Moro 
aboso  lo  baodliog  of  tho  fac¬ 
tory,  io  shippioa,  aod  at  Hm 
poiot  of  lostallaMo." 

AIrtoMp  DhrMoo. 

Ckryslor  C^p. 


SYLVANIA  DILATOMETEK 


—WRINKLE  FINISH 


FREE  OFFER 


Mail  this  coupon  to 


day  for  your  copy  of 


"Hour  Savor  —  Dollar 
Maker."  It  gives  com¬ 
plete  information  on 
Wrinkle  finish  applica¬ 
tions — illustrated  with 
photos  from  produc¬ 
tion. 


New  Wrinkle,  inc. 

137  N.  PERRY  ST.,  DAYTON  2,  OHIO 


NIW  WRiNKU,  INC.,  137  NORTH  RIRRV  STRUT,  BAYTON  S,  OHIO 
Mmm  sdfMl  mm  kmiMpMataly  ymmr  Biw«tnit«e  lk*^i«t  **Na«r  Smnmr  .  .  « 
D«tt«r  M«k«r'*— •wmI  •  ftot  Wrlnki*  nHmmimttmrmn  othI  distrllswtara. 


Company. 
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NEGATIVE"  oHl  CYCLE 
PULSE  I 


(continued) 


r -POSITIVE  PULSE 

t  .^Pjr 


M  CYCLEH 


fyCYCLM 


FIG.  2 — ^Woraiormi  at  elamants  oi  ou 
trioda.  Tha  pip  at  the  cathode  is  due  to 
charging  effects -of  on  isolating  capacitor 
in  the  input  pulse  circuit 

negative  pulse  applied  to  the  cath¬ 
odes  will  switch  ^he  tubes  back  to 
their  original  ccuaition,  in  a  simil¬ 
ar  manner,  and  repeated  pulses  re¬ 
sult  in  rectangular  waveforms  on 
each  plate  of  one-half  the  frequency 
of  the  negative  triggering  pulse. 
The  output  of  either  or  both  plates 
may  be  used,  as  desired. 

The  resistance  values  are  calcu¬ 
lated  with  the  aid  of  the  tube  char¬ 
acteristic  curves  to  give  a  steady- 
state  condition  which  can  be  easily 
switched  by  the  available  cathode 
pulse  so  that  when  one  tube  has 
zero  grid-cathode  potential  the 
other  will  be  held  just  beyond  cut¬ 
off. 

The  limitations  on  the  operating 
frequency  range  are  due  to  the 
charging  and  discharging  of  the 
coupling  capacitors.  Above  the 
upper  frequency  limit  the  circuit 
acts  like  a  conventional  frequency 
divider  whose  operation  depends  on 
the  charging  rate  of  a  capacitor, 
and  thus  its  factor  of  frequency  di¬ 
vision  is  a  function  of  the  input 
pulse  width  and  R-C  time  constants. 

For  normal  operation,  the  size  of 
the  coupling  capacitors  is  not  crit¬ 
ical.  The  capacitance  must  be 
great  enough  so  that  little  charging 
and  discharging  can  take  place 
while  the  pulse  is  applied  to  the 
cathodes.  Otherwise  the  circuit 
becomes  unstable  and  does  not 
know  which  way  to  go  because  each 
triode  will  be  conducting  an  equal 
amount  of  current  and  it  will  be  a 
matter  of  chance  which  tube  gains 
control  and  causes  the  other  tube 
to  be  cut  off.  The  capacitors  must 
be  small  enough  so  that  they  can 


LOCKER 


A  FULL-FLEDGED 


Knurling  of  Socket 
Screws  originated  with 
“Unbroko”  in  1934. 


ELECTRONICS  —  Sepfembor,  1947 


■z  IN  DIAMETER.. i 


...KNURLED  CUP  POINT,  HOLLOW  SOCKET  HEAD,  AND  ALL 


Yes,  regardless  of  size,  the  knurled  cup  points  of  "Unbrako" 
Socket  Set  Screws  dig-in  and  "stay  dug”  —  even  when  sub¬ 
jected  to  the  most  chattering  vibration.  Yet,  they  can  be  easily 
backed-out  with  a  wrench  and  used  over  again  and  again. 
Write  for  your  copy  of  the  "Unbrako"  Catalog  of  Socket 
Screw  Products. 


OVER  44  YEARS  IN  BUSINESS 


“Unbrako”  and  “Hallowell” 
Products  are  sold  entirely 
through  Industrial  Distributors. 


The  Knurled  threads 
make  this  screw  a 
Self-Locker,  too,  for 
Flat,  Cone,  Oval, 
One-Holf  and  Full 
Dog  Points. 

Fat'd  &  Folt.  P«nd. 


The  Knurled  head  of  this  IBP  You  can't  screw 

"Unbrako"  provides  a  socket  screws  in  or 

slip-  and  fumble-proof  II  out  without  a  hex- 

grip,  though  the  fingers  II  socket  wrench  so  why 

and  head  be  ever  so  oily,  nj  not  get  our  No.  25  or 

therefore,  it  can  be  ^o.  50  "Hallowell" 

screwed-in  faster  and  far-  | Hollow  Handle  Key 

ther  before  it  becomes  ^|  |  Kit  which  contains 

necessary  to  use  a  wrench.  most  all  hex  bits. 


STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.,  BOX  •  BRANCHES:  BOSTON  •  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO 


TUBES  AT  WORK  (continued) 

charge  and  discharge  sufficiently 
between  pulses  to  be  prepared  for 
the  next  pulse.  Fig.  2  shows  the 
waveforms  of  the*  circuit  when  ac¬ 
tuated  by  a  60-cycle  input  pulse. 

Tubes  Critical 

Either  a  high-mu  (6SL7)  or  a 
medium-mu  (6SN7)  twin  triode 
may  be  used.  The  wider  the  fre¬ 
quency  range  over  which  a  particu¬ 
lar  circuit  is  to  operate,  the  more 
constant  the  plate  supply  voltage 
must  be,  and  for  best  results  in  such 
applications  a  regulated  power  sup¬ 
ply  is  indicated. 

Particular  tubes  of  the  same 
type  will  not  always  operate  in  this 
circuit,  and  spmetimes  it  is  not  pos¬ 
sible  to  obtain  operation  by  adjust¬ 
ment  of  the  resistor  network  alone. 
However,  the  circuit  can  always  be 
made  to  work  by  connecting  small 
external  capacitances  across  the 
tube  elements  by  trial  and  error. 
Adjustment  of  circuit  resistance  or 
external  capacitance  to  make  a  par¬ 
ticular  tube  operate  is  not  recom¬ 
mended.  It  has  been  found  that 
when  a  circuit  has  once  been  made 
to  work  properly,  and  no  external 
capacitance  other  than  stray  capa¬ 
citance  is  present,  approximately 
60  percent  of  the  dual  triodes  se¬ 
lected  at  random  will  operate.  The 
use  of  individual  triodes  may  be 
preferred  to  facilitate  obtaining 
properly  matched  pairs  of  triodes. 

The  very  large  rectangular  wave 
output  is  capable  of  producing  so- 
called  r-f  burns,  even  with  a  repe¬ 
tition  frequency  as  low  as  15  cps. 


Remember  how  manuiaefurers  learned  that  in  the  war?  Music  was 
"piped"  into  almoet  every  production  line  in  Aiqerica!  Today  when  keep¬ 
ing  employees  happy  and  production  high  is  so  important,  manufacturers 
want  continuous  music.  Magnetic  wire  recording  is  the  answer.  And 
smart  wire  recorder  designers  look  first  to  Brush  for  the  best  in  magnetic 
recording  equipment.  Here's  why — 


Constant  plating  thickness  assures  uniform  signal 

Correct  bcdonce  of  magnetic  properties  assures  good  frequency 

response  ond  high  level 

Excellent  surface  finish  assures  low  noise  and  minimum  wear 
^  Corrosion  resistant 

^  Easy  to  handle— ductile— can  be  knotted 


C-R  Tube  on  Power  Lines 

McOraw  Hill  World  News 

Use  of  the  cathode-ray  tube  as  a 
power-frequency  synchroscope  has 
been  successfully  developed  and  ex¬ 
tensively  tested  by  the  State  Elec¬ 
tricity  Commission  of  Victoria, 
Australia. 

To  preserve  continuity  of  power 
supply,  synchronizing  facilities  are 
required  at  each  switching  station, 
so  that  reconnections  can  be  made 
at  points  of  circuit  interruption 
without  de-energizing  sections  of 
line  back  to  the  generating  station. 

Dispensing  with  the  large  num¬ 
ber  of  potential  transformers  which 
must  be  provided  for  connection  on 


Of  principal  interest  are  their  excellent  electrical  characteristics,  extreme 
simplicity  of  design  to  avoid  trouble,  and  the  "hum-bucking"  charac¬ 
teristics,  which  reduce  the  effect  of  extraneoris  magnetic  fields.  When 
required,  the  head  cartridge  alone  (p>ole  piece  and  coil  unit)  may  be 
supplied  for  incorporation  into  manufacturers*  own  head  structure. 

These  latest  developments  in  magnetic  recording  equipment  can  now 
be  obtained  for  radio  combinations  and  other  uses.  Brush  engineers  are 
ready  to  assist  you  in  your  particular  use  of  magnetic  recording  components. 


3405  PERKINS  AVENUE 


CLEVELAND  14,  OHIO 
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. . .  and  linking  their  superior  performance 
to  the  industry’s  first-choice  speaker* 


tprior  stnioture  of  tho  room,  or  partly  concoaled  in  furni- 
turo  already  in  harmony  with  the  interior  scheme. 

The  noteworthy  trend,  a inonjf  fastidious,  musical-minded 
home  lovers,  toward  built-in  music  systems  which  elim¬ 
inate  non-functional  radio  “furniture” — and  thus  eliminate 
the  inevitable  problem  of  assimilating  “big  sets”  into 
modern  decorator-influenced  interiors,  is  becoming  increas¬ 
ingly  apparent:  this  trend  highlights  the  importance  of 
the  new  Altec  I^ansing  amplifier  and  the  Duplex  multicel¬ 
lular  s|)eaker  in  the  advanced  planning  in  the  FM  field. 


The  final  link  in  the  chain  of  high-quality  repr^uction 
has  now  been  forged :  a  imwer  amplifier  which  brings  out 
the  final  degree  «if  excellence  of  performance  of  the  new 
professional-quality  tuners,  and  of  the  two-way  multi¬ 
cellular  speaker  which  has  become  tbe  standard  of  the 
broadcasting,  re<-ording.  and  motion  picture  industries,  the 
Altec  Lansing  Duplex  speaker. 

Salient  characteristics  of  the  New  Altec  I^ansing 
A-3J3B  Amplifier  are: 

1 .  Flat  fraauancy  raipenta— within  t  db  from  20  cyclot  to  20,000  cyclot. 

2.  Full  IS  wott  power  output  within  Idb  from  3S  cyclot  to  12,000 
cycio*. 

3.  Two  inputt.  Ono  lew  pain  from  radio  tuner,  and  one  high  gain 
with  built-in  equalization  to  eporoto  dirott  from  the  now 
Cenoral  Electric  Variable  Reluctance  or  the  new  Fickering 
Cortridge  Pickup. 

4.  For  record  reproduction,  itepped  low  pait  filter  which  givet 
thorp  cut-off  of  noite  frequenciet  yet  allewt  full  reproduction  of 
uteoble  high  frequenciet 

5.  Adjuttoble  bote  beoit, 

6.  Hum  balancing  potentiometer  to  eliminate  the  necettity  of 
coreful  telecling  of  tubet  for  quiet  operation. 

The  Altec  I-.ansing  A-323B  Amplifier 
was  designed  with  a  particular  view  to  its 
use  in  high-quality  music  reproduction  I 

systems  in  which  the  electrical  elements —  i  V  I 

tuner,  amplifier,  record  player,  and  speaker  •  V  I 

—are  either  wholly  concealed  in  the  in- 


The  Altec  Lansing  Duplex  Loudspeaker 


rThe  Altcc  Langinc  loudspooker  te  the 
only  speaker  which  in  actual  perform- 
ance  has  been  found  capahke  of  reproduc¬ 
ing  the  full  frequency  and  dynamic 
range*,  and  without  diatortion,  ail  the 
characteristic*  of  sound  of  which  the  fre¬ 
quency  modulation  method  of  radio  trans- 
mnsiM  i*  capable.  The  high  eflieiency, 
and  the  resultant  damping,  cauaea  the 
Altec  Lansing  Duplex  loudspeaker  to 
follow  accurately  every  variation  in  the 
signal  wave  form,  without  contributing  tbe  spurious 
sounds  that  result  from  intermodulation  and  poor 
transit  characteristics  common  to  ordinary  speakers. 


1161  N.Vine  St..  Hollywood  38.  Calif. 
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TUIES  AT  WORK  (ceirtiniMd) 

each  side  of  each  circuit  breaker 
across  which  synchronizing  indi¬ 
cations  are  required,  use  is  made  of 
the  electrostatic  potential  in  aerial 
conductors  suspended  adjacent  to 
transmission  lines.  While  these 
have  been  used  to  indicate  whether 
the  lines  are  energized,  the  elec¬ 
tronic  synchroscope  relies  on  them 
for  reflection  of  the  phase  relation 
of  the  potentials  of  the  transmis¬ 
sion  linek 


Coax  Coil  for  Heating 
Small  Holes 

By  David  Baumoel 
Mleotronic  Procesi  Heat  Treating  Co. 

Heto  York,  H.  Y. 

• 

The  application  of  induction  heat¬ 
ing  to  a  small  diameter  hole, 
roughly  between  A  and  I  inch, 
has  presented  unusual  difficulties 
due  to  the  almost  impossible  task 
of  building  a  work  coil  small 
enough  and  efficient  enough  to  fit 
into  the  confined  quarters  and  prop¬ 
erly  do  its  job. 

A  means  toward  overcoming  this 
problem  is  found  in  abandoning  the 
usual  multiturn  type  of  coil,  in  con¬ 
ventional  use  for  heating  of  larger 
diameter  holes,  and  using  instead, 
a  coaxial-type  coil. 

The  accompanying  sketch  shows 
the  basic  design  of  the  coil.  In  this 
coil  the  inner  conductor  acts  as  the 
energy  transfer  area.  Ordinary 
copper  tubing,  water  or  otherwise 
cooled,  is  used,  whose  diameter  is 
determined  by  the  dimensions  of 
the  hole  in  the  metal  part  to  be 
treated. 

The  inner  conductor  is  run 
through  the  hole  to  be  heated  and 
connected  to  the  rest  of  the  coil 


when  a  cast  is  execr^il. 

withstand  the  strain  of  hauling  in'  a  figh^ig  fish  of  ■ 
iinpj^ictable  size  and  strength,  thus  rendering  a  dua 
purpose;  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


TO  GCNERATOR 


WORK 

Piece 


OUTER 

CONDUCTOR 


CUIOE-NON* 

‘CONDUCTOR 


INNER  — 
CONDUCTOR 


•SUPPORT 


SLIDE - 
contact 


nakei  City  Geai  Woiks 


COOLANT 


Mechanical  details  of  coaxial-type  coil 
Ji?  for  internal  heating.  The  shaded  por¬ 
tions  are  ceramic  or  other  insuloting  ma¬ 
terials 


1910  N.  Front  Street 
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ALSIJI/IAG  TRANSMISSION  LINE 
INSULATORS  WITH  METAL  STUDS 


Low  loss  AISiAAog  Insulators  with  metal  studs  solve  many 
installation  problems  .  . .  permit  a  variety  of  transmission  line 
characteristics. 

The  Feed  Through  insulator  illustrated  is  mounted  in  the 
center  of  an  open  wire  transmission  line  bracket  by  means 
of  a  2"  metal  stud  sunk  1''  into  the  insulator.  This  stud  is 
occurately  placed  and  is  engineered  to  be  a  strong  joint 
resistant  to  all  types  of  weather. 

The  letter  reproduced  above  outlines  the  experience  of  one 
user  of  this  type  of  AISiMag  steatite  insulator. 

The  physical  characteristics  of  the  principal  AISiMag  tech¬ 
nical  ceramic  compositions  are  shown  on  the  AISiMag  Property 
Chart,  sent  free  on  request.  Our  engineers  will  gladly  co¬ 
operate  with  you  in  developing  the  design  most  advantageous 
to  your  requirements. 


coutrcsr  catcs  kadio  co.,  ouinct,  lit. 


AMERICAN  LAVA  CORPORATION 


SALES  OFFICES:  ST  LOUIS.  MO  .  1123  Washington  Ave  ,  Tel  Gerficld  4959  *  CAMBRIDGE.  MASS  .  38  B  BfallleSt..  Tel  Kirkland  4498  •  PHILADELPHIA.  1649  N  Broad  St  .  Tel  Stevenson  4  2823 
NEWARK.  N.J..  671  Broad  St.  Tel  Mitchell  2  8159  •  CHICAGO.  9  S  Clinton  St. .Tel  Central  1721  •  SAN  FRANCISCO.  163  2nd  St. Tel  Douglas  2464  •  LOS  ANGELES.  324  N  San  Pedro  St  .Tel  Mutual  9076 
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AUTOIRATICALIY  PLAYS  TWEIVI  10'  01  TEN  12'  RECORDS 


^  CUTS  RECORDS  UP  TO  10'  / 


•l4tC130 

ConiUihiHm  RM«nl' 
CtHNiMr  R*c«rd*r  . 


ONE  SIMPLE  LEVER  ADJUSTMENT 


TUBES  AT  WORK 


(conlinuad) 


fOWC/l/  COMBINATION 
RECORD-CHANGER  •  RECORDER 


GI>RM4  Roti  Drwm,  Hmavy-Dvty 
IhcMe  Rtordmg  Motor 


GI-RW>  Owol-SpoMi  Homo 
Rocor  Jog  a»d  PhonegropR 
A$*fMy 


LX  Rim  Driv,  Comtont  Sjauad 
llmetrie  Phonograph  Motor 


THE 


Your  customers  will  like  the  simplicity  and 
fine  performance  of  this  unique  combination 
Smooth  Power  unit. 

They’ll  enjoy  the  ease  of  operation  with  one 
'simple  lever  for  quick  changing  from  one  size 
record  to  another,  to  remove  records  or  to  set 
for  manual  operation  and  recording.  They’ll 
appreciate  the  smoothness  and  quietness  of 
the  record-changer.  They’ll  admire  the 
brown  iridescent  finish  and  streamline  plastic 
trim  on  self-indicating  “Reproducer”  and 
“Recorder”  arms. 

And,  of  course,  they’ll  value  the  quiet, 
vibration-free  operation  of  the  Smooth 
Power  Motor. 

Sand  for  details.  Ask  us  for  complete  infor¬ 
mation  on  this  pKjpularity-building  combina¬ 
tion  that  can  add  new  sales  appeal  to  your 
products  .  .  .  and  on  the  complete  line  of 
Smooth  Power  Phonomotors  and  Recorders. 


General 


iNDUSTRIESco 


which  acts  as  the  outer  conductor 
of  the  coaxial  coil.  Since  the  trans¬ 
mitted  energy  is  of  much  higher 
density  around  the  inner 'ronduc 
tor,  the  area  in  the  small  hole  of 
the  metal  part  will  heat  at  a  much 
faster  rate  than  the  rest  of  the 
part. 

The  part  can  be  drop  or  spray 
quenched  for  hardening  purposes, 
as  for  example  in  the  heat  treating 
of  dies,  or  merely  removed  and  al¬ 
lowed  to  cool,  in  other  applications 
such  as  brazing,  soldering,  or  an- 
nealling.  Many  mechanical  ar¬ 
rangements  are  possible  for  feeding 
work  pieces  into  the  jig.  For  ex¬ 
ample,  the  one  illustrated  might 
use  a  movable  bottom  plate  that 
would  contact  the  outer  and  inner 
conductor  when  the  work  is  in¬ 
serted.  Shutoff  of  the  flow  of 
coolant  could  be  controlled  by  a 
valve  during  loading,  or  continuous 
flow  could  be  permitted  in  some 
applications. 


Compact  Power  Supply  for 
High  Current 

By  Lawrence  Fleming 

Xnval  Ordtiatu'c  Lahoratortf 
Wanliint/toii,  J).  C. 

The  power  supply  shown  in  Fig.  1 
delivers  235  volts  d-c  at  one  ampere 
and  permits  an  unusually  large  ra¬ 
tio  of  power  output  to  physical  size 
by  employing  a  three-phase  recti¬ 
fier  circuit*. 

This  unit  is  a  convenient  source 
of  plate  power  for  large  numbers 
of  receiving  tubes  in  multichannel 
oscillograph  amplifiers  and  similar 
installations.  The  single-phase  sup- 


DEPT.  ME 


ELYRIA,  OHIO 


FIG.  1 — Front  and  rear  views  of  the  high- 
current  power  supply 
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MINIMUM  LENGTH 
(Round)  — 11.5  mm 

MAXIMUM  LENGTH 

(Round)  —  42  mm 

Cothodo  shown — .04S"  OD  x 
11.5  mm  lonQr  tinglo  boadod. 


BEADING  ON  MAJOR  OIttT 

Cathodo  shown — .03^'  x 
.060"  OD  X  29  mm  lon#=i^ 
sin||lo  hodd'on  two  sid^oal^' 
(mojoi^./ 


maximum  ODt  .100'' 

Ca^ode  shown — .100"  OD  x 
36  mm  long— singio  boodod. 


REFERENCE  DAFA 

on  All  Types  of 

SUPERIOR  lOCKSEAM 
CATHODE  SLEEVES 


BEADING  ON  BOIMjjM^ 
MAJOR  AND  V 

Cdlhodo  shown— .045 
.155"  OD  X  35  mm  'lAS^^^^ 
sti^llo  boodod  OB  throo  sk^^;, 
— 2  on  minor -ond  1  on 


ROUND  AND  OVAL— 

Plain  or  Boodod  (horizontal  S  vortical) 
maximum  and  minimum 
dimonsions,  boad  position,  otc. 

BASIC  DIMENSIONAL  DATA 

Maximum  OD — .100" 

Minimum  OD  —.040" 

Minimum  longth— 11.5  mm 
Maximum  longth  —  42  mm 

STANDARD  WALL  THICKNESSES: 

.0021"  ±  .0001" 

.0025"  ±  .0001" 

BEAD  LOCATION:  .040  '  min. 

BEAD  DIAMETER:  Doponds  on  OD. 

Writo  for  Spec.  EM-2 
BEAD  WIDTH:  .01 7" +  .003" 


oimM^only^^ 

Cofbodo  sh  o wn^^yH^--  .4^, 

.044"  OD  X  2B.S  ^vm  loaepw  4>. 
boodod  OB  minor  only. 


SiNGiE  BEADING  (any  po-. 
+ition,  .040"  min.  from  onrl) 

Colbodo  shown — .045"  OD  x 
;  2S  mm  long— boodod  10.25 
’iffliMrom  ono  ond. 


DOUBLE  BEADDMI 

Cothodo  shown — .060"  x 
..124^'  <3D  X  30  mm  tong — 
douMo  bendod  on  m«)or  only. 


For  toloraoco  data  writ*  for  Spociflcatioa  EM-2. 

For  irtformation  on  cathodo  matorialt  writo 
for  Dota  Momo  #5. 

*Sooorior  Tuko  Comonny  Polontt 


VERTICALLY  EMBOSSED 


MINIMUM  LENGTH 
(OVAp  - 11.5  mm 

MAXIMUM  LENOfl^pl 
(OVAL)  -  42  mm  '  '  ^ 

Cathodo  shown — .034"  Tt 
.0S4"  X  42  mm  long  bomlod 
ono  ond  on  moior  only. 


DOUBU  BEADING  (somn 
dtttanAM  from  ooch  ond) 

Cathodo  ihgwn— .045"  OD  x 
2S.5  mih  long,  bocniod  .118" 
from  oach  ond. 


This  now  Locksoam  Cathi>do 
has  wido  accoplonco  for  wso 
in  eoit^n  typos  of  spoclol 
radio  tubos. 

Cothodo  shown — .045"  OD 
X  26.5  mm  long— vortically 
boodod. 


DOUBLE  BEADING  (differ¬ 
ent  distancos  from  eoch  end) 

Cathodo  shown — .040"  OD  x 
29.5  mm  long,  double  boodod 
.039"  from  ono  ond,  distanco 
botwoon  bonds  .699" 


2500  Gsrmontown  Avs.  •  Norristown,  Oonnsylvonlo 
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TUIES  AT  WORK 


(cofltinufd) 


MTV  3-PMASE  *-C 


FIG.  2 — Th*  MUnlum  rectifUn  are  F*d* 
•ral  5D16AV1.  Choke  T4  is  on  isolotioB 
transformer.  Stancor  P-6160,  with  primary 
and  secondorr  in  series.  The  other  trans¬ 
formers  ore  the  same  type,  used  conren- 
tionally 


ply  which  would  ordinarily  be  con¬ 
sidered  for  such  applications  would 
not  only  be  much  larger  but  would 
require  special  transformers  and 
chokes. 

Ripple  output  of  the  unit  at  fuU 
load  is  approximately  20  millivolts 
at  360  cycles.  Filtering  is  not  diffi¬ 
cult  because  the  three-phase  full- 
wave  rectifier  circuit  employed  pro¬ 
duces  an  output  before  filtering 
which  contains  only  4.2  percent 
ripple  at  360  cycles. 

A  switch  is  arranged  to  connect 
the  secondaries  of  the  three  trans¬ 
formers  in  either  star  or  delta  con¬ 
nection.  The  former  connection 
gives  235  volts  at  full  load,  the  lat¬ 
ter  120  volts. 

If  the  unit  is  to  be  operated  con¬ 
tinuously,  adequate  provision  must 
be  made  for  ventilation  of  the  sele¬ 
nium  rectifier  stacks,  since  load¬ 
carrying  capacity  of  the  stacks  is 
primarily  limited  by  temperature. 

Reference 

(1)  Polyphase  Rectification,  Proo.  I.R.E., 
1».  Jan.  lit.'il,  p  78 


Vw  oating  of  front  surface  mirrors— another  wonder  product  of  low 
pressure  processing— is  done  automatically  in  this  Notional  Research 
Corporation  installation  using  a  KINNEY  Vacuum  Pump.  The 
KINNEY  Single  Stage  Vacuum  Pumps,  used  in  conjunction  with 

J diffusion  pumps,  maintain  the  low  absolute  pres¬ 
sures  essential  for  this  high  vacuum  evaporation 
process,  in  all  parts  of  the  world  the  uses  of 
KINNEY  Pumps  are  countless— from  dehydrating 
foods  to  producing  penicillin;  from  exhausting 
•*  lamps  and  tubes  to  sintering  alloy 

n  metals.  Wherever  low  absolute  pres- 

sures  must  be  created  and  maintained, 
KINNEY  Pumps  are  giving  reliable 


serv¬ 
ice.  KINNEY  Single  Stage  Pumps,  avail¬ 
able  in  8  sizes  with  displacements  of  13 
to  702  cu.  ft.  per  min.,  maintain  low 
absolute  pressures  to  10  microns;  Com¬ 
pound  Pumps  in  2  sizes,  1 5  and  46  cu. 
ft.  per  min.,  maintain  low  pressure's  to 
0.5  micron. 

Ask  for  Catalog  V45 

KINNEY  MANUFACTURING  COMPANY 

3565  WASHINGTON  ST^  BOSTON  30,  IMASS. 

NEW  YORK  •  CHICAGO  •  PHIIADEIPHIA  •  lOS  ANGELES  •  SAN  FRANCISCO 
FOREIGN  REPRESENTATIVES 

Ganwol  EnginMring  Co.  (Rodcliffo)  Ltd.,  Station  Works,  Bury  Rood,  Rodcliffo,  Loncoshiro,  England 
Horrocks,  Roxburgh  Pty.,  Ltd.,  Molbourno,  C.  I.  Austrolla 
W.  S.  Thomas  &  Taylor  Pty.,  Ltd.,  Johannesburg,  Union  of  South  Africa 


KINNEY 
Single  Stage 
Vacuum  Pump 


Hardening  Shear  Blades 

Less  than  two  seconds  is  required 
to  harden  shear  blades  by  induction 
heating  to  a  higher  degree  than 


WE  ALSO  MANUFACTliRE  UOOtO  PtMIPS.  CLUTCtlES  AND  BITIIMIIOliS  DISTRIBUTORS 
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200  to  3/500  Cycles/  affords  response 
with  variations  not  exceeding  ±  1  db 
over  the  range  of  voice  frequencies.  For 
use  with  600  or  150-ohni  lines.  Input, 
Output,  Driver  and  Modulation  Trans¬ 
formers  offered.  Sealed  in  Steel  con¬ 
struction,  flange  mounting,  with  wire 
leads  or  solder  lugs. 
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Full  Frequency  Range 

30  to  1  5/000  Cycles/  provides  uni¬ 
form  response  over  this  entire  band  with 
±  Vi  db  up  to  10  watts  of  audio  power, 
within  ±  1  db  over  10  watts.  Standard 
RMA  impedances.  Hum  balancing  coil 
structures  and  nickel  alloy  shielding. 
Included  are  Input,  Output,  Driver,  and 
Modulation  Transformers;  Modulation 
Reactors.  Sealed  in  Steel  construction, 
stud  mounting,  with  pin-type  terminals. 


Public  Address  Range 


50  to  10/000  CycleS/  frequency  re¬ 
sponse  within  ±  V2  db  up  jcg  10  watts 
of  power,  within  ±  Idb  over  10  watts, 
throughout  this  range.  Secondary  im¬ 
pedances  match  600  and  150-ohm  lines, 
16,  8  and  4-ohm  reproducing  systems. 
Listed  are  Driver  and  Output  Trans¬ 
formers.  Sealed  in  Steel  construction, 
flange  mounting,  with  solder  lugs  or 
wire  leads. 


Communications  Range 


UDIO  TRAHSrORMERSA-I fSi",*,;,.’.'?:.”,”' 

I  IH  I  F«E«UEMCY  «««GES 

iiptr  /file 


Offices  in  principal  cities 

American  R<ilay  &  Controls,  tnc. 

2555  DIVERSEY  AVE.  •  CHICAGO  47,  ILL. 


AMRECON 

Telephone  Type 

RELAYS 


Shear  blades  are  hardened  in  this  iiq  of 
the  20-kw  induction-heating  generotor 


government  specifications  for  this 
hardness,  Rockwell  C56  to  60.  Such 
shears  of  definitely  better  quality, 
with  blades  electronically  hardened 
on  the  cutting  edges,  are  now  being 
produced  by  Acme  Shear  Co,  of 
Bridgeport,  Conn.  Blades  are  a 
soKd  forging  of  carbon  steel,  edge- 
hardened  to  the  high  limit,  and  the 
back  of  the  blade  left  malleable  to 
prevent  breaking. 

In  bending  tests,  the  electronic 
heat-treated  blade  with  the  hardest 
cutting  edge  withstood  twice  the 
bending  pressure  that  fractured 
blades  made  by  other  methods. 

Further  savings  accomplished  as 
a  result  of  the  use  of  high  fre¬ 
quency  heating  include  elimination 
of  other  operations  due  to  the  fact 
that  with  induction  heat  treating, 
control  is  so  exact  that  the  heat- 
treat  operation  can  be  done  as  one 
of  the  later  operations.  Thus,  time 
is  saved  by  doing  certain  cuts  while 
the  steel  is  soft,  rather  than  after 
the  hardening  operation.  The  ca¬ 
pacity  of  the  Acme  generator  is  20 
kw. 


A^mrecon's  technical  knowledge  of  practical 
relay  application  simplifies  your  own  control  re¬ 
quirement  problems.  Our  new  modern  plant 
is  now  in  full  operation  and  we  can  offer  you 
prompt  delivery  and  even  greater  service. 

Write  for  our  informative  illustrated  Bulletin 
listing  our  many  products,  describing  the  scope 
of  our  manufacturing  facihties,  and  the  wide 
extent  of  our  services.  Your  inquiry  will  receive 
prompt  attention. 


ENGINEERING  "KNOW-HOW 


River-Mapping  by  Radar 

River  navigation  charts  are  being 
made  from  radar  photographs  by 
the  Army  Corps  of  Engineers,  Ohio 
River  Division,  using  3.2  centi¬ 
meter  radar  equipment  manufac- 
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FOR  THE  MOST  EXACTING 
ELECTRICAL  INSTALLATIONS 


AUTOMOTIVE  IGNITION  HARNESSES.  Applied  with  a  Segur  toper  adop¬ 
ted  to  the  work  with  the  cooperation  of  the  Notional  Scientific  Products 
Co.  Applied  in  this  manner  "SCOTCH"  Electrical  Tope  with  Vinyl  Plastic 
Backing  mokes  o  securely  bound  but  flexible  horneu;  high  resistance  to  oil, 
water,  alcohol,  heat,  abrasion;  high  tensile  strength. 


MACHINE  TOOLS,  PRINTING-PRESSES.  Where  power  wiring  is  subjected 
to  oil,  acids,  etc.,  "SCOTCH"  Electrical  Tope  with  Vinyl  Plastic  Backing 
provides  dependable  resistance  to  oil;  water,  fresh  or  salt;  acids;  alkalis; 
alcohol;  hydrocarbons. 


PROTECTIVE  SHEATH  FOR  BATTERY  CABLES.  Above  picture  shows  heavy 
battery  cables  protected  with  a  tight  spiral-wound  sheath  of  "SCOTCH" 
Electrical  Tape  with  Vinyl  Plastic  Backing.  The  acid  and  oil  resistant  quali¬ 
ties  of  this  tape  equip  it  to  give  fullest  electrical  and  mechanical  protection. 


■  mode  in  U.  S.  A.  bye 


Minnesota  Mining  &  Mfg.  Co. 

3M  COMPANYMBH^ 

SAINT  PAUL  6,  MINNESOTA 


T 
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Troupe 


* 


,,,  oPOSnWt  cure  use... 

«H^^HlO*VbUo9e  Stobi»»*e” 


^AYTHEOh^ 


/  ^m»M,w00Yb»  rfirn4.i<ir 

/  MAYTMtOM  MAMUFACTUKIMO  COMPANY 

I  COMMPPC/Al  PPOOi/CrS  DiVISiON  i 

WAir/iAM  S4,  MASSACNUtMTTS  t 

IndkMtHalon^  Commercial  £l0€tronlc  PqttIpmanI,  m 
Broadeatt  Pqvlpmant,  Tvbac  and  Accatcarla* 

Sola*  Odteatt  Atlanta,  Bactan,  Chicago, 
Cla^and.  Lavitvllla,  Now  York, 


•  OUTPUT  VOLTAGE  CONTROLLED  to  within 

±  Wc 

•  STABILIZATION  AT  ANY  LOAD  wHMi  raltd 
capocitios. 

•  QUICK  RESPONSE ...  varying  input  voltagn 
stabilized  within  1  /20  second. 

•  B^TlRaV  AUTOAAATIC . . .  no  adjustments,  no 
moving  ports,  no  maintenance. 


*VaryinK  Powd'  Supply  need  not  prevent  efficient, 
reliable  and  accurate  performance  of  dectrically 
operated  equipment.  A  Raytheon  Voltage  Stabilizer 
. "  of  correct  characteristics  and  capacity  built  into  new 
equipment,  or  installed  on  old,  provides  constant  out* 
put  from  varying  input.  Assure  reliaUe  and  accurate 
performance  of  your  equipment  through  pohitivo 
control  of  power  supply.  Ask  about  Raytheon 
Voltage  Stabilizers  to  meet  your  requirements. 

*  WritB  for  illuatratcd  Bulletin  DL~47-537 


TUSES  AT  WORK  (continued) 

tured  by  Radiomarine  Corporation 
of  America. 

An  automatic  camera  is  attached 
to  the  radar  instrument  and  ad¬ 
justed  to  photograph  images  on  the 
scope  at  regular  intervals.  The 
prints  are  then  matched  to  produce 
a  continuous  strip-map  reduced  to 
the  scale  of  standard  navigation 
charts.  On  the  assembled  charts, 
engineers  add  dotted  lines  indicat¬ 
ing  the  channel  to  be  followed,  to¬ 
gether  with  figures  showing  the 
depth  of  water,  and  brief  identify¬ 
ing  descriptions  of  important  land¬ 
marks. 

By  using  radar  and  radar  charts, 
it  is  possible  for  a  pilot  to  know 
exactly  where  he  is  and  see  the  ob¬ 
stacles  before  him  regardless  of  fog, 
darkness,  or  storm.  Each  image  on 
the  radarscope,  whether  showing  an 
island,  shoreline  cliff,  a  building  or 
a  cluster  of  gas  storage  tanks,  will 
be  recognizable  as  though  seeing  the 
landmark  itself. 

The  cost  of  charting  a  river  by 
radar  would  be  low  in  comparison 
to  possible  savings  through  speed¬ 
ing-up  of  river  traffic  and  elimina¬ 
tion  of  delays  due  to  weather  con¬ 
ditions. 

Use  of  the  3.2-centimeter  band 
makes  possible  sharp,  clearly-de¬ 
fined  images  that  are  easily  photo¬ 
graphed  from  the  radar's  12-inch 
scope.  The  high-frequency  beam 
hugs  the  surface  of  the  water  and 
picks  up  buoys  or  other  small  ob¬ 
jects  over  distances  twice  as  great 
as  those  afforded  by  lower  fre¬ 
quency  radars  of  the  type  used  in 
wartime.  Two  or  more  closely 
spaced  objects  appear  as  separate, 
distinct  targets  in  their  true  rela¬ 
tionship  to  each  other.  Locks, 
bridges,  shorelines,  channel  markers 
and  approaching  tows  can  be  picked 
up  by  the  radar. 

The  narrow  beam  and  short  pulse 
length  used  provide  a  high  order  of 
bearing  and  range  resolution,  with 
objects  discernible  as  close  as  80 
yards  and  out  to  li  miles  from  the 
antenna.  The  radar  can  also  be 
switched  to  longer  ranges. 

Brazing  Lawn  Mower  Rotors 

An  interesting  metal-joining  op¬ 
eration  by  induction  heating  is  the 
joining  of  three  steel  parts — a 
spider,  drive  shaft  and  bearing  re¬ 
tainer — in  one  operation.  This  is 

Seytemlfr.  fM7  —  ELECTRONICS 


•An  Anaconda  Trada-Maric 


ANACONDA  WIRE  AND  CABLE  COMPANY 


;  electronics  — WmiW,  )M7 


Anaconda  Type  ATV  lead-in  lines  are  playing  an 
important  part  in  helping  to  give  television  buyers  the 
kind  of  reception  they  want. 

The  well  balanced  design  of  conductors  and  dielec¬ 
tric  in  ATV  lead-in  lines  minimizes  the  effects  of 
attenuation  and  impedance  mismatch.  Satin-smooth 
polyethylene  insulation  sheds  water  readily  —  thus 
avoiding  subsequent  impedance  discontinuities. 

ATV  line  fulfills  the  most  exacting  requirements  of 
wide-band  reception  —  providing  maximum  freedom 
from  distortion.  Television  buyers  expect  a  lot.  See  that 
an  ATV  lead-in  line  helps  your  set  to  deliver!  rtrm 


wm 


r' 


A  Type  ATV*  Television  Lead-In  Line 
Can  Make  All  the  Difference 


A  Type  ATV  Lead-fn  Line  for  Every  Need 

Anaconda  offers  a  complete  selection  of  Type  ATV 
lead-in  lines  for  75,  125,  150  and  300  ohms  impe¬ 
dance  unshielded  and  150  ohms  shielded.  For  an 
electrical  and  physical  characteristics  bulletin,  write 
to  Anaconda  Wire  and  Cable  Company,  25  Broad¬ 
way,  New  York  4,  New  York.  Also,  write  for  the 
characteristics  of  the  complete  line  of  Anaconda 
coaxial  cables. 


OW  TO  BUY 


STANDARD 
PARTS  A 


TUIES  AT  WORK 


(continutd) 


The  special  physical  design 
or  special  electrical  char¬ 
acteristic  transformers  you 
may  need  can  probably  be 
engineered  from  Acme 
Electric  standard  lamina¬ 
tions  and  parts  to  the  exact 
mechanical  dimensions  and 
electrical  performance  re¬ 
quired.  No  need  for  special 
dies,  tools  or  other  expen¬ 
sive  production  ma';erials. 
Here  are  a  few  of  the  Acme 
Electric  designs  available. 


InMrtlng  lawn  mower  rotor  aseeinbly  is 
heating  coil  ior  brazing  operation 

being  done  by  Reading  Hardware 
Co.  in  fast  time  with  alignment 
of  parts  held  to  close  tolerances. 

At  the  brazing  station,  a  girl 
assembler  places  four  spiders  in  a 
ceramic  fixture  and  brushes  the 
center  hole  of  each  with  Handy 
Flux.  A  ring  of  Easy-Flo  brazing 
alloy  wire  is  then  slipped  on  the 
drive  shaft  and  the  end  of  the 
shaft  and  the  brazing  alloy  ring 
are  liberally  brushed  with  flux.  A 
bearing  retainer  is  placed  over  the 
shaft  end  and  the  two  parts  are 
then  inserted  in  place  on  the  spider. 
The  fixture  with  four  such  assem¬ 
blies  is  ready  for  heating. 

The  induction  heating  unit  has 
two  brazing  stations  equipped  with 
jigs  for  aligning  and  maintaining 
close  tolerances  between  parts, 
especially  between  the  drive  shaft 
and  bearing  retainer.  The  fixture 
holding  the  four  assemblies  is 
placed  over  the  heating  coils  and 
all  heating  is  done  from  the  bot¬ 
tom.  Heating  coils  do  not  interfere 
with  the  operation  of  the  jigs 
which  are  lowered  over  the  parts 
while  heating.  Heat  can  be  concen¬ 
trated  on  the  heavier  parts — the 
drive  shaft  and  the  spider — thus 
preventing  warping  in  the  lighter 
gauge  bearing  retainer.  With  coils 
so  arranged  the  brazing  alloy  is 
drawn  through  the  joint  bonding 
the  parts  together  accurately  and 
permanently. 

Four  assemblies  are  brazed  at 
one  time.  It  takes  but  30  seconds, 
an  average  of  7.5  seconds  each. 
With  two  brazing  stations,  one 
heating  while  the  other  is  loaded, 
a  production  of  3,840  units  can  be 
maintained  per  eight-hour  day. 


Mounting  typo  100. 
Avoilablo  in  ratings 
from  3  to  40  VA. 


Mounting  type  110. 
Available  in  ratings 
from  35  to  2500  VA. 


Mounting  type  130,  2  hole 
horizontal  mounting  lead 
holes  on  bottom  or  side  of 
shell.  Ratings  15  to  100  VA. 


Mounting  type  150.  4  hole 
horizontal  mounting.  Lead 
holes  on  bottom  or  side  of 
shell.  Primary  tap  changer 
on  top.  Ratings  35  to 
500  VA. 


Mounting  type  121. 
Available  in  ratings 
from  35  to  2500  VA. 
Tops  to  suit  your 
needs. 


Mounting  type  131  with 
end  bells.  Leads  out  bot¬ 
tom  or  side.  Ratings  35 
to  500  VA. 


Write  for  Specification  Transformer  Bulletin  168 


ACME  ELECTRIC  CORPORATION 

3  I  WATER  STREET  +  ♦  +  CUBA,  N.  Y. 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


D*«ign*d  by  O-E  •ngin*«rs, 
this  ALNICO  p«rman«nt 
mQgn*t  holding  ottombly 
inturo*  potHivo  snap  oc- 
Hen  in  Hio  Titan  100% 
Shutoff  Automatic  Sofoty 
Pilot  monufocturod  by  tho 
Titan  Volvo  and  Mfg.  Co. 


The  Magnet  that  Safeguards  your  Gas  Heater 
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GENERALS  ELECTRIC 


Here’s  a  magnetically  controlled  pilot  light 
for  your  gas  heater  that’s  100%  safe.  While  the 
pilot  flame  is  burning,  the  ALNICO  permanent 
magnet  assembly  grips  a  steel  ring,  keeping  the 
gas  line  open.  When  the  flame  goes  out,  a  thermal 
device  and  retaining  spring  force  the  holding 
magnet  assembly  away  from  the  ring,  shutting  off 
the  gas  supply. 

We  shall  be  glad  to  help  you  also  with  your 
magnet  application  problems.  Backed  by  years  of 
research  and  magnet  design  experience.  General 
Electric  engineers  are  always  at  your  service. 

The  precise  quality  control  methods  used 
throughout  G-E  magnet  production  plus  accurate 
testing  and  rigid  inspection,  assure  you  of  receiv* 
ing  magnets  of  the  highest  uniform  quality  'for 
your  application. 


PERMANENT 

MAGNETS 


Moreover,  greater  flexibility  of  magnet  design 
is  possible  with  the  many  G-E  permanent  magnet 
materials  now  available.  These  include  cast  and 
sintered  ALNICO,  the  ductile  alloys  CUNICO, 
CUNIFE  and  SILMANAL-  and  lightweight  non- 
metallic  VECTOLITE.  Metallurgy  Division^  Chemi¬ 
cal  Department,  General  Electric  Company,  Pitts¬ 
field,  Mass. 

Sand  for  oor  now  bwNofln,  CDN1>1,  "0-1  Ponnonont 
Mngnots,"  spooNIcally  dooignod  to  you  wMi  yoor 
pormnnont  mognot  proMoms.  Thla  buWatln  contains  In- 
forniatlon  about  tbo  choructorlstlcs  and  proporHos  of 
0-1  pormnnont  mognot  mcrtoriob,  thoir  appUcatioa 
and  dosign* 


METALLURGY  DIVISION,  So<.  FA-9 
CHEMICAL  DEPARTMENT 
GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

Please  tend  me  your  new  bulletin, 
CDM-I,  "G-£  Permanent  Magnets/' 


NAME . . . TITLE  . 

I  COMPANY . . . 

I  ADDRESS . . . . 

I CITY . . . STATE. 


FROM  DIECASTI.NG 


COMPLETED  PLUG 

All  Under  One  Roof 


ELECTRON  ART 

(contlnuad  from  p  IN) 


Split  *'K”  (heils  as  they 
come  from  one  of  Cannon's 
2)  diecastiog  machines. 


WK-M2  insert,  measuring  diameter, 
carries  two  No.  16  contacts  (7/64" 
clearance).  This  phenolic  insert  may 
be  used  in  any  WK  size  shell. 


GK-P6  insert  carries  3  No.  14  and 
3  No.  10  contacts  (3/64"  clear* 
ance).  Insert  diameter 


"K”  Angle  90* 
end  bell  after 
the  "flash"  has 
been  removed. 


Largest  insert  diameter  is  "AK" 
with  a  maximum  of  82  contacts. 


"K"  Angle  90*  cap 
after  excess  metal  has 
been  roughed  off. 


SK-C3  insert  carries  3  No.  10  and  2 
No.  6  contacts  (1/16"  clearance). 
One  of  the  188  inserts  ayailable. 


Assembled  "K"  Angle 
90*  end  bell  and  cap 
after  finishing. 


Finished  cap  and  end  bell,  conduit 
entry  type,  sand  blasted  and  lac¬ 
quered  (or  tin  plate  and  lacquered). 
These  are  standard  finishes.  Others 
are  available  upon  special  request, 
quest. 

K-23C  Complete  angle  90* 
assembly  with  integral  clamp 
(cable  entry). 


FIG.  3 — Comparison  of  rosponto  to  squats- 
WOTS  to  that  of  Unsaily  rising  worsfront 
for  Tarious  pulss  periods  rslatiTS  to  the 
circuit  time  constant  shows  considsrahU 
difference  for  relertiTely  long  pulses 


NK-L8  insert  carries  4  No. 
14  and  4  No.  8  contacts 
(3/32"  clearance). 


While  the  Los  Angeles  (lannon  Electric  plant  com- 
prises  two  buildings,  the  manufacturing  and  assembly 
are  now  located  in  Plant  No.  2  under  one  roof,  so  to 
,  -  speak,  where  the  various  processes  from  diecasting 
aluininim  ^and  zinc^  shells  through  the  nrolding  and 

This  continuous  quality-controlled  production  is  under  the  con-  KL 
stant  scrutiny  of  leadmen,  foremen  and  inspectors.  When  you  buy 
Cannoa  Plugs  you  can  rest  assured  that  you  have  purchased  the  ulti- 
mate  in  engineering  design  and  a  quality  product  which  is  the  result  .  ^1 

of  years  of  specialized  effort  for  the  leading  manufacturers  of  air-  J 

craft,  radio,  television,  radar,  instruments,  microphones,  communica- 
tions  and  general  electrical  equipment.  ■. ;  ^ 


=  7  or  greater,  the  exponential 
term  in  Eq.  3  becomes  less  than 
0.001,  and  the  voltage  rises  in  time 
T  to  Cr  =  E/a.  For  example,  con¬ 
sider  the  case  of  a  =  10.  When  the 
input  voltage  wavefront  reaches 
its  full  value  otEatt^T  —  10/2C, 
the  voltage  across  the  resistor 
reaches  within  better  than  0.01  of 
one  percent  of  its  maximum  value 
of  O.IE.  Actually  the  voltage  has 
reached  96  percent  of  this  value  at 
t  =  ZRC  thus 

««  =  {E/a)  (1  -  *-»)  =  0.095A’  (7) 

These  four  cases  are  illustrated 
in  Fig.  3.  The  solid  curves  are 
the  square  input  voltage;  the  solid 
Cr  curves  are  the  output  voltage 
(Fig.  2)  resulting  from  such  an  in¬ 
put.  The  dashed  Ci  curves  are  a 
linearly  rising  input  voltage;  the 
dashed  Br  curves  are  the  output 


Further  information  on  the  plug  and  receptacle 
designs  will  be  mailed  upon  request.  Ask  for 
the  Type  "K”  Bulletin.  Address  Dept.  1-120. 
Cannon  Electric  Development  Co.,  5209  Hum¬ 
boldt  St.,  Los  Angeles  31,  Calif.  Export  office 
for  world  area,  except  in  Britain  and  possessions, 
Frazar  and  Hansen,  301  Clay  St.,  San  Francisco, 
California. 


DEVELOPMENT  COMPANY 
3209  HMabcMt  St.,  Los  Aogtios  31,  CdH . 

IN  CANADA: 

CANNON  ELECTRIC  COMFANY,  ltd.,  TORONTO 
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IDEAL  FOR 

LABORATORY  USE 
INDUSTRIAL  APPLICATIONS 
SERVICING  JOBS 
CLASSROOM  INSTRUCTION 


The  new  Sylvania  7-inch  Oscilloscope  Type 
132  incorporates  many  features  that  give  it 
an  exceptional  range  of  utility  in  radio  serv¬ 
ice  shops,  laboratories,  plants  and  colleges. 

JUMBO  PATTERNS 

Use  of  the  large  7-inch  Sylvania  Cathode 
Ray  Tube  Type  7GP1  provides  “jumbo”  pat¬ 
terns  which  enhance  the  value  of  the  instru¬ 
ment  for  instruction  purposes  as  well  as  in 
sho.p  and  laboratory. 

A  new  push-pull  deflection  circuit  provides 
clearer  patterns,  less  distortion  and  more 
gain.  •  • 

INTENSITY  MODULATION 

Observation  of  a  wider  variety  of  phenom¬ 
ena  is  made  possible  by  the  addition  of  a  Z 
axis  input  for  intensity  modulation.  This  fea¬ 
ture  is  useful  in  studying  pulses  and  portions 
of  cycles,  and  leads  to  many  applications  in 
industry. 

Type  132  is  designed  and  built  to  pro¬ 
vide  the  finest  instrument  in  its  class.  The 
panel  is  “efficiency  designed”  with  control 
size  and  placement  offering  time-iiaving  ease 
of  operation. 

And  . . .  it's  priced  within  the  range  of  the 
average  budget ! 

Cabinet  size  is  17"  high  by  11%"  wide  by 
17^"  deep.  Weight  is  37  pounds,  and  con¬ 
venient  carrying  handle  is  supplied. 

Instrument  consumes  35  watts  from  105- 
125  volt,  50-60  cycle  line.  Extra-long  heavy- 
duty  line  cord  is  furnished. 

Product  of  Sylvania's  Electronics  Division, 
Oscilloscope  Type  132  is  distributed  through 
the  Radio  Tube  Division.  Instrument  may  be 
purchased  from  Sylvania  Distributors. 

For  moro  comploto  information  on  HioTypo  132  OK^Iotcopo, 
to90thor  wMi  opplkotion  notot,  hint*  and  Migpootion*  on 
th*  u»*  of  Oscillotcopot,  mail  tho  coupon  bolow. 


Sylvania  Electric  Product*  Inc.. 

Dept.  E1409,  Electronics  Division 
500  Fifth  Avenue,  New  York  18,  N.  Y 


Please  send  full  details  on  OscilloKope  Type 
132. 


Business  Connection 


Street  Address 


City . Zone  # 


MAKERS  OF  ELECTRONIC  DEVICES;  RADIO  TUBES;  CATHODE  RAY  TUBES; 
FLUORESCENT  LAMPS, FIXTURES.  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 


7-INCH 
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MODEL  59  APPLICATIONS; 


‘.r*  I 

vienw*^*"  .n^  1 


•  For  the  determination  of  the  resonant  frequency  of 
tuned  circuits,  antennas,  transmission  lines,  by-pass 
condensers,  chokes  or  any  resonant  circuit. 

•  For  measuring  capacitance,  inductance,  Q,  mutual 
inductance. 

•  For  preliminary  tracking  and  alignment  of  receivers. 

•  As  an  auxiliary  signal  generator;  modulated  or 
unmodulated. 

•  For  antenna  tuning  and  transmitter  neutralizing, 
power  off. 

•  For  locating  parasitic  circuits  and  spurious  resonances. 

•  As  a  low  sensitivity  receiver  for  signal  tracing. 

DeseripfiYe  Circular  on  Request 


MiASURiMiNTS 

Model  59 

MEGACYCLE  METER 


The  Model  59  consists  of  a  compact  oscil¬ 
lator  connected  by  a  flexible  cord  to  its 
power  supply.  The  instrument  is  a  variable 
frequency  oscillator,  an  absorption  wave- 
meter,  an  oscillating  detector  and 
u  tuned  absorption  circuit  detec¬ 
tor.  The  engineer,  technician,  serv¬ 
ice  man  or  amateur  will  find 
the  Model  59  a  most 
satile  instrument  suitable 
for  many  applications. 


RADIO’S  NEWEST 

Aim/- 

INSTRUMENT 


MEASUREMENTS 


BOONTON 


CORPORATION 


NEW  JERSEY 


SKCnCATIONS.- 


DIMENSIONS: 

Pow«r  Unit,  5V4"  wide; 
614"  high;  7V4"  deep. 
Oscillator  Unit,  3%"  di¬ 
ameter;  2"  deep. 
POWER  SUPPLY: 

110-120  volts,  50-60 
cycles  I  20  watts. 


FREQUENCY: 

2.2  Me.  to  400  Me;  seven 
plwg-in  coils. 
MODULATION: 

CW  or  120  cycles;  or  ex¬ 
ternal. 
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NON-INSULATID 


Erie  ”6P”Cerainicons 


Have  You  Tried  Ceramic  Condensers 
for  General  Purpose  Applications? 


-Nil' 


INSULATID 


CERAMtCON 


^^3 


m 


Manv  leading  radio  manufactur¬ 
ers.  nave  already  switched  to 
SUE  "GF'  Ceramicons  for  gen¬ 
eral  purpose  applications.  These 
ceramic  condensers  have  all  the 
well-known  dependability  of 
other  ERIE  Ceramicons  with 
dieir  sturdy  compactness  and 
ease  of  installation,  plus  an  un¬ 
precedented  economy  for  gen¬ 
eral  purpose  applications. 

ERIE  "GF'  Ceramicons  are 
designed  for  practically  all  ap¬ 
plications  in  which  the  con- 
denser  is  not  directly  frequency’ 
determining  for  AVC  FilterSa^^ 
Resistamce- Capacitance  Audi^ 
Coupling,  Tone  Compensatioi^ 
Volume  Control  R.  F.  By-Passing, 
Audio  Plate  R.  F.  By-Passina  Os¬ 
cillator  Grid  Coupling,  R.  F. 
Coupling,  Antenna  Coupling. 


The  production  of  large  quanti¬ 
ties  at  one  time  of  a  given  ca¬ 
pacity  value  accounts  for  -their 
economical  price  .  .  .  fhere  is 
no  sacrifice  in  quality. 

Condensers  classified  as 
GPl  have  a  temperature  coef¬ 
ficient  between  +130  and 
-1600  P/M/®C  and  are  available 
up  through  150  MMF.  Con¬ 
densers  classified  as  GP2,  man¬ 
ufactured  in  capacities  of  120 
MMF  and  higher,  may  include 
the  above  dielec^cs  emd, 
in  lion, the  ERIE  Hi-K  type. 

-V  ERIE  "GF'  Ceramicons  are 
^ade  in  insulated  styles  in  pop¬ 
ular  capacity  values  up  to  5,000 
MMF,  and  in  non-insulated 
styles  up  to  10,000  MMF.  Write 
for  full  details. 
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ELECTRON  ART  (contliiutd) 

tail  of  the  pulse,  a  similar  differen¬ 
tiated  pulse  appears  with  opposite 
polarity.  We  have  used  the  term 
differentiation  somewhat  loosely,  as 
the  center  portion  of  the  differenti¬ 
ated  pulse,  between  the  two  spikes, 
must  be  included  in  the  concept  of 
differentiation  as  applied  to  pulses. 

Rules  of  Thumb 

Comparing  the  results  from  as¬ 
suming  a  linearly  rising  pulsefront 
with  those  resulting  from  assuming 
a  perfectly  square  pulsefront  (Fig. 
3),  we  see  how  misleading  the  lat¬ 
ter  assumption  can  be.  For  exam¬ 
ple,  in  case  four,  the  output  voltage 
approaches^  very  closely  the  true 
mathematical  differential  of  the  in¬ 
put  wave,  except  for  amplitude,  as 
the  input  wave  is  Et/T  and  the 
output  is  c  =  E/a  during  the  rise 
time. 

Rules  of  thumb  for  anticipating 
pulse  response  of  circuits  are  there¬ 
fore  as  follows: 

(1)  If  the  time  constant  of  the 
circuit  is  much  greater  than  the 
rise  time  of  the  pulse,  the  pulse- 
front  is  transferred  across  the  cir¬ 
cuit  with  slight  loss  in  voltage  (Fig. 
3A). 

(2)  If  the  time  constant  of  the 
circuit  is  about  equal  to  the  rise 
time  of  the  pulse,  the  voltage  out¬ 
put  maximum  is  about  §  of  the  in¬ 
put  (Fig.  3B). 

(3)  If  the  time  constant  of  the 
circuit  is  i  or  less  of  the  rise  time 
of  the  pulse,  the  output  voltage  is 
approximately  this  fractional  pro¬ 
portion  of  the  input  (Fig.  3C  and 
3D). 


ALL  THESE  FEATURES  AT  LOW  COST 


ic  Metolseal  crystal 

ir  High  laval:  54db  below  1  volt/dyne/sq.  c.m. 
lAr  Smooth  response:  ±  5db  from  50-7000  c.p.s. 
dr  Corrosive  resistant  aluminum  diaphragm 
dr  Convenient,  light  weight 
if  Modem  styling 
dr  Turner  quality 


It’s  the  new  Turner  Model  S20X  Hand  Micro¬ 
phone  for  home  recording,  public  address  and 
amateur  work.  Beautifully  Hnished  in  rich  baked 
brown  enamel.  Light  in  weight  and  convenient 
to  use.  Fits  the  hand  perfectly,  hangs  on  a  hook 
when  not  in  use. 

Its  performance  is  the  kind  you  expect  in  a 
microphone  costing  three  times  as  much.  Re¬ 
sponse  to  voice  and  music  pickups  is  smooth 
and  flat  over  the  most  desired  frequency  range. 
Level  is  exceptionally  high.  The  entire  circuit 
is  shock  mounted  to  withstand  rough  treatment 
and  is  equipped  with  barometric  compensator. 


Practical  ApplicatioTia 

There  are  several  practical  points 
which  should  be  considered  regard¬ 
ing  the  effect  of  the  associated 
physical  circuits  to  which  the  above 
differentiating  circuit  is  connected. 
First,  R  should  represent  the  com¬ 
plete  effective  load  on  the  differenti¬ 
ating  circuit.  Second,  usually  some 
capacitance  exists  across  the  resis¬ 
tor,  shown  as  C,  in  Fig.  4A.  In  this 
case,  by  application  of  Thevenin’s 
theorem,  there  results  Fig.  4B,  to 
which  we  can  apply  the  results  ar¬ 
rived  at  above.  The  voltage  pro¬ 
duced  across  R  by  placing  Ct  in 
parallel  with  Ci,  and  replacing  the 
input  voltage  with  the  reduced  in¬ 
put  voltage  e«  =  cCi/(Ci  -t-  Ct), 


SEND  NOW  FOR  BUUETIN 


THE  TURNER  COMPANT 

905  Uih  Slrtal  N.E. 


Cedar  Rapids,  Iowa 


CRYSTALS  LICENSED  UNDER  PATENTS  OF  THE  BRUSH  OEVELOPMENT  CO 
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For  Temperature  Banses 


ffon^ 


$00°  r-  to 


Yarglas  Silicone  Electrical  Insulating  Tubing  and  Sleeving 

Lead  Wire  and  Tying  Cord 


YARGLAS  SILICONE  is  a  sensationally  new  electrical  insulating  sleeving  and  tubing  developed  by 
our  laboratory  and  pilot  plant  during  the  war.  It  is  a  product  which  combines  Varglas  and  Silicone 
to  bring  revolutionary  possibilities  to  electrical  insulation. 

YARGLAS  SILICONE  is  efficient  under  a  wide  temperature  range.. .to  500^F.  or  more  in  some  appli¬ 
cations,  yet  remains  completely  flexible  at-85°F.  It  has  excellent  resistance  to  moisture  and  lubricating 
oil,  is  flame  resistant  and  self-extinguishing,  and  is  the  strongest  of  the  accepted  insulating  materials. 

YARGLAS  SILICONE,  pioneered  by  YARFLEX  CORPORATION, 
Is  the  first  combination  of  these  outstanding  features: 

1.  VARGLAS  —  Continuous  filament  Fiberglas  — a  moisture  and  fungus  proof  material  which  will  not 
burn  and  is  chemically  inert  —  strong  and  flexible  at  high  and  low  temperatures. 

2.  NORMALIZING — Removes  binder  and  organic  inclusions  from  the  Fiberglas  — improves  electrical 
qualities  and  allows  uniform  impregnation. 

3.  SILICONE  HIGH  TEMPERATURE  RESIN— Which  has  a  natural  affinity  for  the  Fiberglas, 
renders  it  abrasion-resistant,  flexible  and  non-fraying. 


YARFLEX  CORPORATION, 


manufacturers  of  electrical  insulating  tubing  and  sleeving,  are 


insulation  specialists.  If  you  require  special  insulation,  write  us  about  your  problems.  We  will  gladly 


quote  on  your  individual  requirements  or  ASTM  specifications.  We  have  a  complete  line  of  sleeving 


and  tubing,  based  on  Fiberglas,  cotton,  and  extruded  plastics. 


It's  yours  on 
request  1 


I 

I 

I 


Company . 

Address . 

City . Zone . Slate . 

VARFLEX  CORPORATION,  30t  N.  JAY  ST.,  ROME,  N.  Y. 


f  Varflex  invites  you  to  test  these  free  samples 
of  Varglas  Silicone  in  your  own  plant  or  labora¬ 
tory. 

VARFLEX  CORPORATION 

308  N.  JAY  ST.  ROME,  N.  Y. 


Please  send  me  folder  containing  free  samples  of  Varglas  Silicone  products. 

Name . 
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THE^VKIOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVELAND  3  OHIO 
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(continued) 


Quality  components 
measurement  J 


are  essential  to  the 
k  of  radiation 


Victoreen  Hi-Me9ohnv  resistors  in 
a  range  of  values  from  100  meg¬ 
ohms  to  10,000,000  megohms  fill 
an  urgent  need  in  Hte  production 
of  sensitive  instrumentation.  Un¬ 
usual  stability  with  low  voltage 
and  temperature  coefficients 
within  the  recommended  oper¬ 
ating  ranges.  Vacuum  sealed 
in  glass  with  special  surface 
treatment. 


FIG.  5 — Comparison  oi  results  assuming  a 
linearly  or  an  exponentially  rising  wore 
front  shows  that  they  giee  results  oi  the 
same  order  oi  magnitude 


as  shown  in  Fig.  4B,  is  the  same  as 
in  the  origiAal  circuit  (Fig.  4A). 

Third,  the  above  analysis  assumes 
that  the  output  resistance  of  the 
generator  supplying  e,  is  negligible 
in  comparison  with  R.  If  this  is  not 
so,  we  can  reduce  it  to  this  case 
as  follows.  In  Fig.  4C,  Ri  is  the  out¬ 
put  resistance  of  the  source,  and 
R,  is  the  load  resistance.  This  cir¬ 
cuit  is  exactly  the  same  as  Fig.  4D. 
Thus  the  results  of  the  previous 
analysis  apply  by  using  the  value 
of  R,  +  R,  as  R  to  get  and  then 
multiplying  by  the  ratio  i2,/(R,  + 
Ri)  to  get  the  actual  output  volt¬ 
age  Co. 

Figure  5  illustrates,  for  the  sake 
of  comparison,  an  exponential  pulse 
front  (dashed  e,)  with  a  time  con¬ 
stant  of  one  half  the  rise  time  of 
the  comparable  linear  pulse  front 
(solid  e,)  shown  with  it.  The  out¬ 
put  voltage  across  the  resistor  due 
to  the  exponential  pulse  front 
(dashed  e^)  may  be  compared  with 
that  due  to  the  linear  front  (solid 
ejt)  as  an  indication  of  the  reliabil¬ 
ity  of  the  second  order  approxima¬ 
tion  compared  to  the  third  order 
one.  The  assumption  of  linearly 
rising  pulse  front  is  quite  reliable. 

(1)  O.  P.  Obman,  Square- Wave  Dif¬ 
ferentiating  Circuit  Analyais,  Ei.ecteonics, 
l>  132  Aug  1945. 

(2)  Gerahon  J.  Wheeler,  Laplace  Trans¬ 
forms  for  Electronic  Engineers,  Elbc- 
TKONics,  p  304  Feb  1945. 

(3)  N.  W.  McLachlln.  "Complex  Variable 
and  Operational  Calculus  with  Technical 
.•Vppllcatioiis",  McMillan  Co.,  1944,  Chap¬ 
ter  1<». 


The  VXR-130  subminiature  gas¬ 
eous  voltage  regulator  tubes  pro¬ 
vide  a  new  production  and 
laboratory  tube  innovation.  It 
supplies  very  close  regulation 
with  extreme  stability  where 
regulation  must  be  maintained 
over  a  long  period  of  time. 
Operation  is  at  130  volts  at  an 
operating  current  range  of  1.0  to 
2.3  ma.  Write  for  particulars. 


A  new  low  microphonic  feature 
recently  incorporated  in  the  VX 
series  of  subminiature  electro¬ 
meter  tubes  takes  its  place  be¬ 
side  such  ocher  characteristics  as 
filament  current  of  10  ma.  and 
grid  resistance  of  better  than  lOiS 
ohms  which  are  unobtainable  in 
any  ocher  tube.  Designed  to 
make  fine  instrumentation  even 
better.  Available  also  as  diodes, 
triodes  and  tetrodes. 


Victoreen  provides  a  complete  range  of  instruments  for 
measurement  and  protection  in  the  field  of  nuclear  physics 
including  Geiger-Mueller  counting  systems  and  scaling 
circuits  for  the  laboratory  or  portable  instruments  for  field 
service.  The  experience  of  twenty  years  devoted  ex¬ 
clusively  to  radiation  instruments  assures  quality  per¬ 
formance. 


The  VG  series  mica  window  Geiger-Mueller  Counter 
is  designed  for  exacting  laboratory  requirements. 

Production  is  closely  controlled  for  uniform  and  con¬ 
sistent  tube  characteristics.  Highly  regarded  and  recom¬ 
mended  by  research  and  laboratory  engineers. 

Offered  in  window  thicknesses  from  4.5  to  2.0  mgm. 
per  sq.  cm.  Plateau  length  200  volts,  slope  of  plateau 
less  than  5  volts  per  100  volts. 


Voltmeter  for  Pulses 

High  input  impedance  is  obtained 
in  a  vacuum,  tube  voltmeter  for  use 
with  pulses  by  the  accompanying 
circuit.  Basically  it  is  a  conven¬ 
tional  diode  rectifier,  using  the  first 
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D§sigu9d  and  manufactured 
in  the  traditional  franklin  manner.., 
by  skilled  craftsmen 
of  the  finest  materials  known. 
With  radial  leads  for  shallow  mounting. 


TUBE  BASE  RESTS  HERE 


FRANKLIN  MINIATURE  SOCKETS  .  .  .  series  S^.qfiiniatur^  wdl%r 
sockets  .  .  .  incorporate  new  contacts  of  revolutionary  "and 

embody  features  not  availobie  h|FTelofore^.  Jheir^s^^rin^'fype  con¬ 
tacts  grip  and  hold  the  tube  secuTP^  need  for  locking 

devices  . . .  being  longer  and  spaced  faffh^r  lipdrf  easy  soldering  is 
possible  with  resulting  loeOlNr  prodDcHon  costs. 


Series  57  Miniature  Wafer  Sockets  will  find  high  favor  vvl!h  e^'igi- 

peering  departments  for  their  positive  constant  contact  .  ,  .  ,with '  ^ 

production  departments  for  their  ease  of  soldering  and  eliminaSldn 

of  locking  devices  .  .  .  and  with  purchasing  departments  for  their  ^ 

low  prices.  ^ 

57  A  12  for  1-5/16"  mounting  centers 

57  A  23  for  7/8"  mounting  centers 
57  A  1 1  for  1"  mounting  centers. 


(S7  A  12  it  intercharm ubW  with  Octal  Sockets  of  like 
mounting  center  enabling  ctiassis  design  for  use  with  either.) 


A. W.  FRANKLIN  MFG.  CORR 


MANUfACWRERS  OF  A  COMPLETE  LINE  OF  RADIO  AND  TELEVISION  TUBE  SOCKETS 

43-20  34th  STREET  •  LONG  ISLAND  CITY  1,  NEW  YORK 
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10,000  TO 
5QP00 


Voltmelsr  rasponds  equally  wall  to  pulses 
from  one  to  20  microseconds  duration 


section  of  a  6SN7  with  grid  tied  to 
plate,  followed  by  a  cathode  coupled 
amplifier  (cathode  follower).  Other 
tube  combinations  might  be  better 
(perhaps  a  6SQ7),  Amplifier  grid 
bias  is  adjusted,  depending  on  the 
plate  supply  voltage,  to  approxi¬ 
mately  cut  off  the  amplifier  plate 
current. 

Capacitor  C  is  charged  through 
the  diode  during  a  positive  pulse. 
The  charge  then  leaks  off  through 
resistors  Ro  and  Rc.  However,  the 
triode  section  of  the  6SN7  then 
passes  current  developing  a  volt¬ 
age  across  Rc  to  oppose  the  dis¬ 
charge  of  the  capacitor.  The  time 
constant  of  the  output  circuit  is 
thus  increased.  This  increase  of 
time  constant  of  the  actual  circuit 
over  that  of  the  passive  circuit  ele¬ 
ments  alone  approaches  the  ampli¬ 
fication  factor  of  the  amplifier  tube 
as  Rr  approaches  the  internal  tube 
resistance.  Because  of  the  increased 
time  constant  of  the  output  circuit, 
the  capacitor  can  be  small,  thus  in¬ 
creasing  the  input  impedance  of  the 
voltmeter.  Indication  can  be  either 
by  a  plate  milliammeter  as  shown, 
or  by  a  conventional  voltmeter 
across  Rc.  (A  High  Impedance 
Pulse  Voltmeter,  D.  E.  Howes,  Rev 
Sci  Inst,  p  322  Nov  1945) 


I  N  electronic  equipment  design,  the  placing  of  variable  ele- 
■  ments  is  governed  by  these  considerations: 

1.  Optimum  circuit  efficiency. 

2.  Operating  convenience. 

3.  Easy  assembly  and  wiring. 

4.  Space  saving. 

5.  Accessibility  for  servicing. 

6.  Orderly  panel  appearance. 

To  satisfy  one  and  ail  of  these  requirements  looks  like  a  large 
order.  Actually,  it's  very  simple.  Just  hook  up  the  variable 
elements  to  their  control  knobs  with — 


S.S. WHITE  REMOTE  CONTROL 
FLEXIBLE  SHAFTS 


This  gives  you  complete  freedom  in  placing  both  the  ele¬ 
ments  and  the  knobs  anywhere  you  want  them!  It's  as  easy 
as  that. 

These  shafts  are  especially  engineered  and  built  for  the 
job.  With  proper  application,  they  can't  be  distinguished  from 
a  direct  connection  for  easy,  smooth  turning  and  sensitivity — 
and  they  retain  their  characteristics  indefinitely.  Full  details 
about  these  shafts  are  included  in  this 

260-PAGE  FLEXIBLE  SHAFT  HANDBOOK  C 

COPY  FREE  if  you  write  for  H  on  your  business  letterhead 
end  mention  your  position. 


Pulse  Rise  and  Decay  Time 
Measurement 


By  Aixen  Easton 
Long  Inland  Oitg,  N.  7. 

Precise  measurement  of  rise  and 
decay  characteristics  of  pulses  is  a 
necessary  adjunct  to  their  expand¬ 
ing  application.  Various  character¬ 
istics  of  pulses  are  defined  in  Fig. 
1.  The  rise  or  decay  time  can  be 
measured  by  one  of  the  common 
methods  illustrated  in  Fig.  2.  If 
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ERSIN 


THREE  CORE  SOLDER 

1 


tOMTAINIMC 
*.0**-CORBOS»V»  »i.UX 


Ersin  Multicore  Solder  is  made  as  standard 


correct  proportioil 
solder.  If  you  would 

H 

like^to  know  more  about  Ersin 
Multicore  please  writ^to  us  for 
detailed  technical  information 


IN  MULTICORE  SOLDER  GIVES  YOU  HIGH  SPEED 

CISIOH  PRODUCTION  -  THE  SECRET  IS  IN  THE 

\ 

IN  FLUX  (EXCLUSIVE  TO  MULTICORE)  COMBINED 
H  MULTICORE  CONSTRUCTION. 


m  gauges  between  10  and  22  S.W.G.  (•128  — 
•023  ins.,  3-251  —  -Tllmm.)  and  in  five 
standard  antimony  free  alloys.  Other 
gauges  or  alldys  can  be  supplied  to  order. 
Only  the  finest  tin  and  lead  are  used  in  the 
manufacture  of  Ersin  Multicore  Solder. 


Canadian  enquiria*  to 

SNI-DOR  RADIOLECTRIC  LTD.,  455  Craig  Street  West.  Montrea 


U.S.A.  enquiries  to 

H  INDUSTRIES  CORP.,  315.  Broadway.  New  York  7,  N.Y. 


Enquiries  regarding  other  territories  to 

MULTICORE  SOLDERS  LTD.,  Mellier  House,  Albemarle  Street.  London,  W  I  England. 


For  arC'proofing 
phenolic  panols«s^ 
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POSITIVE 

OVERSHOOT 


negative' 

OVERSHOOT 


FIG.  1 — Principal  teaturei  oi  pulses  show 
times  to  be  measured 


ialutinat  ^ 

★  PERMANENT  GOOD  ADHESION 

★  HIGH  ARC  RESISTANCE 

★  WEATHER  &  MOISTURE  RESISTANCE 

★  BRUSH,  DIP  OR  SPRAY  APPLICATION 

★  RAPID.  FLASH  BAKE 


the  pulse  is  symmetrical,  that  is  the 
rise  and  decay  times  are  substan¬ 
tially  equal,  an  elliptical  sweep  can 
be  used‘.  However  when  the  pulse 
has  a  very*  steep  rise  or  a  very 
rapid  decay,  the  pulse  itself  can  be 
used  as  the  sweep  to  obtain  accurate 
time  measurements. 

Basic  System  of  Measurement 

Figure  3  shows  two  alternate  ar¬ 
rangements  of  the  measuring  equip¬ 
ment.  The  trigger  used  to  initiate 
the  test  pulse  may  be  derived  from 
a  free  running  trigger  generator 
or  from  a  frequency  divider  driven 
by  a  high-frequency  source.  In  the 
former  case  a  pulsed  oscillator  is 
required  to  provide  the  measuring 
frequency.  In  the  latter  instance 
the  high-frequency  oscillator  from 
which  the  trigger  is  derived  may  be 
the  source  of  the  measuring  fre¬ 
quency. 

The  pulse  whose  rise  time  is  to  be 
investigated  is  connected  to  the 


A  good  resistor  coating^  too! 

INSL-X  LJ-95  arc-resistant  coating  solvents  and  exceptional  abrasion 
is  a  special  synthetic  resin  blend  of  resistance  are  additional  qualities 
the  thermosetting  type.  It  is  quickly  that  have  made  this  coating  one 
and  easily  applied  by  brush,  dip  or  of  the  jnost  popular  available  for 
spray.  A  minimum  heat  is  required  insulating  resistors  and  arc-proofing 
for  conversion.  The  dried  coat  will  molded  or  laminated  panels.  Die- 
not  soften  under  heat  and  readily  electric  strength  is  approximately 
withsunds  short  time  temperatures  1800  volts  per  mil.  U-95  is  avail- 
as  high  as  500"  F.  Arc  resisunce,  able  clear  or  in  colors.  Detailed  in¬ 
extraordinary  adhesion,  immunity  to  formation  furnished  on  request. 
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INTENSITY  MODULA¬ 
TION  markers 


DEFLECTION 

markers 


INSL-X  materials  have  no  equal  for  preventing  moisture  infiltration 
and,  at  the  same  time,  providing  maximum  dielectric  and  me¬ 
chanical  strength  with  minimum  thickness.  -  They  are  easy  to  use, 
do  not  chip  or  become  brittle.  Dau  concerning  the  complete  line 
of  INSL-X  products  is  available:  address  inquiries  on  letterhead. 


FIG.  2 — Savarol  techniques  ore  frequently 
used  to  measure  pulse  rise  or  decay  time. 
The  top  two  methods  depend  on  a  linear 
sweep  for  a  time  base;  the  bottom  two 
use  time  interral  markers 


NEW  YORK 


WATER  STREET  •  OSSINING 
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More  and  more,  electrical  appliance  cus- 
tomers  are  ^asking  —  "Will  it  cause  radio  inter- 
ference?"  And  in  the  answer  to  that  question  lies 
the  secret  for  many  more  sales  of  your  products. 

Here  at  Cornel l*Dubi Her  you’ll  find  your  answer  —  in  a  modern 
and  complete  laboratory,  devoted  to  RADIO  NOISE  AND 
SPARK  SUPPRESSION  DEVICES  —  the  industry’s  most  expe¬ 
rienced  engineers  —  the  thirty-seven-year  C-D  background,  un¬ 
equalled  in  the  capacitor  field.  They’re  all  at  your  disposal  — 
NOW.  Whether  you  want  to  Radio  Noise- Proof  equipment  al¬ 
ready  in  production  —  or  if  you’re  engineering  a  new  product 
from  the  ground  up  —  C-D  Quietones  will  do  the  job  efficiently 

and  permanently.  YOUR  IN- 
i  QUIRIES  ARE  INVITED.  Cornell- 

&  Dubilier  Electric  Corporation,  Dept. 

South  Plainfield,  New  Jersey. 
Other  large  plants  in  New  Bedford, 
Worcester  and  Brookline,  Mass.,  and 
Providence,  R.  I. 

Moke  Your  Products  More  Sale- 
able  with  C-D  Quietone  Radio 
Noise  Filters  and  Spark  Suppressors 


^APCI  •  CICCTROLTTIC 
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TELEXinc 


ELECTRO-ACOUSTIC  DIVISION 
TELEX  RARK 
Minnaapoli*,  Minn. 


ELECTRON  ART 


(coRtinuRd) 


PERFECT  HEARING  COMFORT 


PULSED 

CAUBRATED 

OSCILLATORS 


FIG.  3 — Th«  measuring  teduilque  can  be 
accomplished  by  several  arrangements  oi 
equipment 


horizontal  plates  of  the  cathode-ray 
tube.  Thus  the  pulse  provides  the 
sweep.  The  pulse  is  simultaneously 
passed  through  a  differentiating 
network  whose  output  is  connected 
to  the  cathode-ray  tube  grid  or 
cathode. 

Before  the  pulse  begins  to  rise, 
the  beam  of  the  cathode-ray  tube  is 
stationary  and  appears  as  a  bright 
spot  marked  A  in  Fig.  4 A.  (assume 
for  the  moment  the  calibrating  os¬ 
cillator  is  not  operating).  As  the 


^  When  RCA  engineers  checked 

^  jE  headphones  for  their  new  hotel 

,  Jk"  ifl  “coin-operated”  radio,  they  quickly 

JH  what  they  wanted  in  the 

New  TELEX  Monoset.  Today  it’s 
standard  equipment  on  this  RCA 
1  hotel  model. 

Take  a  “tip”  from  RCA  and  whenever 
comfortable  hearing,  fidelity  and  ease  of  use 
are  needed  for  your  sound  equipment,  specify 
the  TELEX  Monoset.  It  replaces  old  style, 
uncomfortable  headphones.  Light  weight 
(1.2  oz.).  Worn  under  the  chin.  Rugged  Tenite 
plastic  construction. 


Write  Department  AA  for  information  and  quotations.  We’ll  be 
happy  to  show  you  how  the  TELEX  MONOSET  can  become  part 
of  your  team  for  perfect  hearing  comfort. 


Canadian  Distributors: 
Addison  I  idustries,  Ltd.,  Toronto 


FIG.  4 — Appearance  ol  tracea  produced 
on  oscilloacope  during  meosurementa 
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SELENIUM  ami  INTELIN  DIVISION,  1000  Passaic  Avc.,  East  Nawarh,  Now  Jarsay 


rescorch  ond  enginccrin9  orgonixotion,  of  which  the  Federal 
Telecommunicolion  Lobwolories,  Nutley.  N.  is  a  unit. 


In  Canada:  •  Federal  Electric  ManefcKtwring  Company,  Ltd.,  Montreal. 

Expert  Oistribotors :  —  International  Standard  Electric  Corp.,  07  Brood  St.,  N.Y.  C. 
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THREE  THINGS 
YOU 

SHOULD  KNOW 

about 

Federal  Selenium  Rectifiers 


Federal  Telephone  and  Radio  Corporation 


THEIR  DEVELOPMENT.  The  Selenium  Rectifier  was  devel¬ 
oped  by  IT&T  —  and  was  first  manufactured  in  this  country  by 
Federal,  in  1938.  For  the  past  9  years  Federal  has  continually 
improved  and  perfected  the  Selenium  Rectifier  —  has  developed 
every  major  advance  in  its  design  and  construction.  As  a 
result,  the  Federal  Selenium  Rectifier  is  now  the  most  efficient, 
compact,  and  economical  means  of  converting  AC  to  DC. 


THEIR  APPLICATION.  Federal  has  pioneered  the  applicr.'.'on 
of  the  Selenium  Rectifier  to  new  jobs  in  practically  eve  y  f.eld 
of  the  industry.  From  milliwatts  to  kilowatts  —  wherever  you 
need  DC  from  an  AC  source  —  you  can  now  save  space,  time, 
and  money  with  Federal  Selenium  Rectifiers. 

THEIR  DESIGN.  These  features  make  Federal  your  best  buy 
in  Selenium  Rectifiers: 

Conlor.-Conla«l  Censirwctlen  —  permits  entire  stack  to  be  permanently 
'<  protected  against  corrosion. 

'  Higher  Voltage  Plates  —  give  extra  breakdown  strength,  extra  de¬ 
pendability 

AUiminum  Plate  Designs  —  for  use  where  extremely  light  weight  is 
desired. 

Long  Life  —  constant  use  in  all  types  of  applications  prove  Federal’s 
i  superiority  and  long  life. 

Available  in  Wide  Ronge  of  Standard  Ratings  —  for  information, 
seritc  to  Federal  today.  Dept.  F  113. 


FOR  CONVERTING  AC  TO  DC 
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pulse  voltage  rises,  the  spot  sweeps 
across  the  screen  at  a  velocity  pro. 
portional  to  the  rise  time  and  for  a 
distance  proportional  to  the  peaV 
voltage  and  deflection  ‘  sensltttlty. 
The  pulse  eventually  reaches  the 
peak ‘voltage  and  remains  at  this 
value  for  a  while  causing  the  bright 
spot  at  B,  after  which  it  sweeps 
back  to  the  starting  point  A  until 
the  next  cycle.  Both  rise  and  de¬ 
cay  "times  contribute  to  the  total  de¬ 
flection  while  the  periods  of  rela¬ 
tively  constant  amplitude  cause  only 
bright  spots.  This  fact  should  be 
contrasted  with  the  other  methods 
mentioned  above  wherein  rise  and 
decay  times  occupy  only  a  very 
small  percentage  of  the  screen  ' 
trace. 

Now  suppose  the  marker  oscilla¬ 
tor,  which  is  synchronized  with  the 
initiating  trigger,  is  connected  to 
the  vertical  plates  of  the  cathode- 
ray  tube.  This  connection  is  anala- 
gous  to  the  familiar  use  of  sine- 
waves  for  sweep  calibration.  Fig¬ 
ure  4B  shows  a  possible  result.  The 
display  in  this  figure  still  has  lim¬ 
ited  utility  because  it  contains  both 
the  forward  and  return  traces  su¬ 
perimposed,  which  may  prove  con¬ 
fusing.  Blanking  of  the  return 
trace  is  the  purpose  of  the  differen¬ 
tiating  circuit. 

It  is  well  known  that  a  pulse 
passed  through  an  R-C  circuit^of 
proper  time  constant  (sufficiently 
short  compared  with  the  pulse 
width)  results  in  a  pair  of  pulses, 
one  positive  and  one  negative.  The 
times  of  occurrence  of  the  pair  of 
pulses  coincide  with  the  rise  and 
decay  times  of  the  input  pulse.  If 
the  output  of  the  differentiating  cir- 


MAKE  SOLDER  BONDS 


Photo  oourten  Stotkam  Laboratoriet,  Lot  AngeUt 


KESTER  CORED  SOLDERS 


•  Kester  Cored  Solders  ore  correctly  compounded  to  provide  perma¬ 
nent  performance  and  maximum  precision.  They're  made  to  withstand 
wear  cmd  tear,  and  they  fit  your  soldering  operation  like  a  hand- 
tailored  glove. 

•  What's  more,  Kester  Cored  Solders  cut  the  hard  work  out  of  solder¬ 
ing.*  They  are  applied  quickly  and  easily — in  one  simple  operation. 
Self-contained  fluxes  ore  released  as  the  solder  is  applied.  The 
resulting  solder  bonds  core  tough,  tight  and  dependable. 

A 

•  Kester  Cored  Solders  are  of  the  highest  quality  and  unvarying 
uniformity — the  result  of  Kester's  nearly  half  a  century  of  practical 
experience  and  exhaustive  research. 

•  Kester  Rosin-Core  Solder,  for  electrical  connections,  and  Kester  Acid- 
Core  Solder,  for  general  work,  are  both  available  in  a  wide  range  of 
strand  and  core  sizes.  The  correct  solder,  always,  for  any  soldering 
lob. 

•  Consult  Keeter  Engineers  without  obligation  for  aid  in  the  solution 
of  any  soldering  operation.  There  is  no  obligation! 


CALIBRATING 

OSCILLATOR 


BUFFER 
CATHODE 
N FOLLOWER 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue,  Chicago  39,  Illinois 


OIVIOEO  FREQUENCY 
OSCILLATOR  f^N 


FIG.  S — A  Bynchronized  frsqusncy  divid. 
inq  oscillator  can  bo  used  to  obtain  a 
pulse  triggering  signal  co-ordinated  with 
the  deilection  signal 
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Eost»r>  flout:  Nowork.  N.  J.  ConodioN  floot:  iroatford,  Ootorio 

1 

'j 

THERMOTECHNICS 


TROUBLE-FREE  TEMPERATURE  CONTROL 


After  26,000  hours  constant  operation, 
Fenwal  THERMOSWITCH  Controls  con¬ 
tinue  to  give  accurate  and  dependable 
service  in  the- Gordon  Armstrong  Baby 
Incubators. 

Gordon  Armstrong,  president,  states: 
“The  Fenwal  THERMOSWITCH  was 
^elected  because  we  considered  it  the 
best  available.  We  still  think  it  is  after 
some  three  years  of  use.” 


U**d  in  Armstrong  Incubators 


^The  Fenwal  method  of  analyzing  and  coordinating  process 
requirements,  heating  means,  control  devices  and  product 
design  to  insure  best  over-all  performance  of  the  complete 


thermal-control  system 


Temperature  control  in  a  baby  incubator  must  be  fool¬ 
proof,  precise  and  absolutely  dependable.  The  degree  of 
temperature  variance  permissible  is  limited  .  .  .  the  control 
device  must  operate  with  safety  in  high  concentrations  of 
oxygen  where  often  the  baby’s  life  is  at  stake  .  .  .  and  it 
must  be  trouble-free.  Failure  to  respond  instantly  and 
correctly  can  be  fatal. 

Fenwal  and  Armstrong  Company  engineers  collaborated  on 
the  application  of  Thermotechnics  to  the  Armstrong  Baby 
Incubator  in  order  to  attain  the  best  temperature  control 
conditions.  After  extensive  tests  and  experimentation,  the 
Flange  Head  THERMOSWITCH  Control  was  selected. 

The  finished  job  is  an  integrated  unit  .  .  .  coordinating 
product  design  with  heat  source  and  temperature  reflation 
to  an  outstanding  degree.  Temperature  variance  is  held 
within  specified  limits  .  .  .  trouble-free  service  assured  with 
a  Fenwal  THERMOSWITCH  Control. 


Arrow  points  to  Control  Dial  of  Fonwol 
THERMOSWITCH  Control.  THERMOSWITCH 
Controls  in  Armstrong  Incubotors  oro  holping 
save  babies’  lives  throughout  the  United 
Stotes,  Conodo,  Central  and  South  America 
and  many  countries  throughout  the  world. 


THERMOTECHNICS,  through  THERMOSWITCH  Con¬ 
trols,  is  providing  accurate,  trouble-free  temperature 
control  in  many  o&er  applications,' including  aircraft  .fire 
detection  equifmient,  electrical  appliances,  ovens,  vul- 
canizers,  fo<>d  dehydrators,  etc. 


FENWAL  INCORPORATED 
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M  A  N  U.F  A  C  I  U  R  I  N  G  COMPANY.  INC 


CONNECTICUT 


TORRINGTON 


you#  PRODUCTS 


HARNtiS  TIMl  TO 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 
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cult  is  connected  to  the  intensity 
grid  of  the  cathode-ray  tube,  the 
positive  pulse  will  cause  brighten¬ 
ing  of  the  trace  and  the  negative 
pulse  dimming.  When  the  grid  is 
initially  biased  near  cutoff,  then 
brightening  will  result  for  a  time 
corresponding  to  the  rise  time  of 
the  test  pulse.  (If  a  negative  test 
pulse  is  used  the  output  of  the  dif¬ 
ferentiating  circuit  should  be  con¬ 
nected  to  the  cathode  of  the  cathode- 
ray  tube  to  observe  the  rise  time). 
The  trace  will  then  appear  as  in 
Fig.  4C.  In  some  applications  it 
has  proved  desirable  to  square  the 
tops  of  the  intensifying  pulses  in 
order  to  red^uce  the  tendency  toward 
defocusing  of  the  trace. 

If  the  frequency  of  the  calibrat¬ 
ing  oscillator  is  known,  the  rate  of 
rise  can  be  studied  between  any  two 
points  along  the  rise  characteristic 
by  counting  the  number  of  cycles 
of  the  calibrating  oscillator  between 
them. 

To  observe  the  decay  time  of  the 
test  pulse,  the  output  of  the  differ¬ 
entiating  circuit  may  either  be  in¬ 
verted  or  connected  to  the  cathode 
of  the  cathode- ray  tube.  (A  nega¬ 
tive  test  pulse  would  require  con¬ 
nection  to  the  intensity  grid  to  ob¬ 
serve  the  decay  time.) 


Design  Considerations 

There  are  several  design  consid¬ 
erations  which  affect  the  choice  of 
equipment.  Because  the  rise  time 
of  a  pulse  may  be  exceedingly  fast 
(for  example  0.06  microsec),  a 
cathode-ray  tube  employing  high  ac¬ 
celerating  voltages  should  be  used 
in  order  to  obtain  usable  brilliance, 
especially  if  a  pulse  of  low  repeti¬ 
tion  frequency  is  to  be  studied.  Ob¬ 
viously  the  highest  feasible  value 
of  pulse  repetition  rate  should  be 
used  wherever  possible.  High  ac¬ 
celerating  voltages  required  for 
good  brilliance  are  usually  accom¬ 
panied  by  lower  deflection  sensi¬ 
tivity  although  new  tubes  with  20,- 
000  volts  of  accelerating  potential 
and  high  deflection  sensitivity  are 
available  commercially*.  Thus  a 
fairly  large  peak  pulse  voltage  is 
needed  to  secure  sufficient  deflec¬ 
tion.  If  small  pulses  are  to  be 
measured,  a  pulse  amplifier  is  es¬ 
sential  but  usually  will  distort  the 
rise  time  of  extremely  fast  pulses. 
This  defect  is  common  to  most 


Western  Electric 


uses  Haydon  Aufomafic  Time  Delay  Relays  to 
actuate  Flash  Announce  signal  circuits  in  this  new  relay  type 
Program  Dispatching  Unit  for  radio  broadcasting. 

Operating  efRciency  is  the  keynote  of  this  Dispatching  Unit, 
enabling  the  master  control  operating  staff  to  handle  successive 
multiple  switching  operations  on  a  split  second  basis  with  speed 
.  and  accuracy. 

Switching  functions  scheduled  to  occur  simultaneously  are  preset 
beforehand  and  a  Haydon  Inferval  Timer,  adjustable  over  a  60 
second  interval,  operates  delayed  circuit  switching,  enabling  the 
operator  to  spread  out  his  starting  of  these  functions. 

This  and  many  other  Haydon  applications  are  accounting  for 
greater  timing  accuracies  throughout  industry.  If  it's  about  time, 
write  for  free  descriptive  engineering  catalog  featuring  Haydon 
timing  motors  and  devices. 

WRITE  HAYDON,  2400  ELM  STREET,  TORRINGTON,  CONNECTICUT 
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Simpson  260,  High  SonsHivity  Sot  Testor 
for  Television  and  Radio  Servicing 

At  20,000  Ohms  per  volt,  this  instrument  is  far  more  tetsitive  than  afly 
other  instrument  even  approaching  its  price  and  quality.  The  pracn^ly 
negligible  current  consumption  assures  remarkably  accurate  full  .ft-ale 
voltage  readings.  D.C.  current  readings  as  low  as  1  microampere  wd  up 


■'oil  it  ! 

SIMPSON  Model  260  Volt-Ohm  Mllliammeter 

, . , 


•  The  world’s  finest  high  sensitivity  set  tester  certainly  finger  y 

deserves  the  best  in  carrying  cases.  So  we  decided  to  give  it  is  ready 

just  that  by  building  the  tester  into  the  case  to  make  an  Safety  C 

integral  unit  of  case  and  instrument.  Here’s  how  we  do  it:  It  is  ne^ 

we  take  the  standard  Model  260,  place  it  inside  a  housing  protecfic 
of  heavily  molded  bakelite,  and  permanently  fasten  it 
there.  Iimrument  and  case  become  one  unit.  Beneath  the  Just  i 
iasmiaaeat  is  a  compartment  for  test  leads.  Over  the  face  precisio 
of  ^  iaffiument  a  roll  top  (of  molded  bakelite,  too)  slides  Model  i 
up  to  open,  down  to  close,  the  case.  With  a  flick  of  the  some  se 

*TS#  r#g«tar  ModtJ  260,  without  Roll  Top  Safety  Case,  it  aJuays  avaitable,  of  course. 


finger  you  roll  it  up  and  out  of  sight  and  the  instrument 
is  ready  to  carry,  and  fully  protected.  With  the  Roll  Top 
Safety  Case  you  cannot  leave  your  carrying  case  behind. 
It  is  never  in  the  way.  And  you  have  constant,  important 
protection  to  your  260  from  damage,  whether  in  use  or  not. 

Just  remember  this  fact,  always:  You  cannot  touch  the 
precision,  the  useful  range,  or  the  sensitivity  of  Simpson 
Model  260  in  any  other  instrument  of  equal  price  or  in 
some  selling  for  substantially  more. 


CO  lu  amperes  are  avaiiaoie. 

Resistance  readings  are  equally  dependable.  Tests  up  to  20  megohms 
and  as  low  as  l/i  ohm  can  be  made.  With  this  super  sensitive  instrument 
you  can  measure  a  wide  range  of  unusual  conditions  which  cannot  be 
checked  by  ordinary  servicing  instruments. 

Medal  260-Siia  5Vk"  X  7“  a  3«/h" . SM.95 

Medal  2M,  in  Hell  Tap  Safety  Cose— Sixe  5%"  x  9"  x  4%"  .  .  .  $43.75 

Both  complete  with  test  leods 
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SIMPSON  ELECTRIC  COMPANY 
5200-521 S  West  Kinaie  Street.  Chicago  44.  Illinois 
In  Canada,  Bach-Simpson  Ltd.,  London,  Ont. 
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methods  of  rise  time  measurement. 

It  is,  of  course,  not  essential  that 
the  measured  pulse  be  connected  to 
the  horizontal  pfates  of  the  cathode 
ray  tube.  The  vertical  plates  may¬ 
be  preferred. 

The  calibrating  oscillator  may 
take  several  forms;  the  commonest 
is  a  free  running  oscillator  operat¬ 
ing  at  a  fairly  high  frequency.  (For 
example,  a  100  me  oscillator  will 
give  10  marker  cycles  when  observ¬ 
ing  a  pulse  with  a  0.1  microsec  rise 
time,  whereas  a  10  me  oscillator  will 
give  10  cycles  with  a  pulse  of  l 
microsec  rise  time.)  The  use  of  a 
chain  of  synchronized  sinewave  os¬ 
cillators*  makes  it  possible  to  obtain 
division  frdm  100  me  down  to  trig¬ 
ger  frequency,  with  each  oscillator 
providing  a  frequency  division  of 
ten  to  one,  or  better  yet,  five  to  one. 
A  fundamental  circuit  diagram  of  a 
suitable  synchronized  sinewave  fre¬ 
quency  dividing  oscillator  is  shown 
in  Fig.  5.  It  is  also  possible  to  uti¬ 
lize  a  pulsed  oscillator  as  a  source 
of  calibrating  frequency*. 

Numerous  variations  of  the  prin¬ 
ciples  outlined  in  this  paper  are 
possible.  No  attempt  has  been  made 
to  show  particular  circuit  arrange¬ 
ments  as  these  details  will  depend 
on  the  types  of  pulses  to  be  meas¬ 
ured  and  the  available  laboratory 
equipment.  Also  the  equipment  ar¬ 
rangement  for  a  laboratory  meas¬ 
urement  will  differ  considerably 
from  that  for  measuring  and  stand¬ 
ardizing  production  pulse  genera¬ 
tors. 


for 

ROLLING  SPRING 


New  model  “M"  with  leaf  ocluotor- 
thinnest  twitch  mode. 


...precision 

engineered 

TO  FIT  THE  JOB 


Let  us  engineer  and  build  your 
Snap-Action  Switches  to  meet 
the  engineering  requirements  of 
your  application.  ACRO  Switches 
are  also  built  in  gangs  (as  shown 
above)  in  any  number  for  your 
economical  assembly. 

All  ACRO  Snap-Action  Switches 
are  designed  with  the  famous 
patented  Rolling  Spring  principle 
that  assures  more  POSITIVE  ac¬ 
tion,  longer  life,  and  greater 
economy.  Single  pole  or  multiple 
pole.  Normally  open,  normally 
closed,  or  double  throw.  Variety 
of  actuators.  Fully  enclosed  and 
open  blade  types.  Operating 
characteristics  to  suit  your  needs.  Volts  A.C.  Send  blueprints  and 
Ratings:  Up  to  15  Amps,  125  details  for  quicker  action. 

ACRO  ELECTRIC  COMPANY 

1316  SUPERIOR  AVENUE,  CLEVELAND  14,  OHIO 


Cross  soction  of  potonted  Rolling  Spring 
construction  in  fully  enclosed  type. 


(1)  Allan  Easton,  MeasurinK  Pulse  Char¬ 
acteristics,  Electeonics,  p  150  Feb  1946. 

(2)  I.  E.  Lempert  and  R.  Feldt.  The 
5RP  Tube,  Intenslfler  Type  CR  Tube  for 
High  Voltage  Operation,  Proc  Inst  Hndio 
Engra,  p  432  July  1946. 

(3)  C.  W.  Carnahan  and  H.  P.  Kalnius, 
Synchronized  Oscillators  as  FM  Limiters. 
Electronics,  p  109  Aug  1944. 

(4)  Alian  Easton,  Pulse  Modulated  Oa- 
cillator.  Electronics,  p  125  March  1947. 


Typical  2  pole  open  blade  type.  Small, 
compact,  and  positive. 


SURVEY  OF  NEW  TECHNIQUES 

Infrared  radiation  to  wavelengths 
as  long  as  30,000  Angstroms  is  re¬ 
corded  on  a  spectrograph  developed 
at  Northwestern  University  under 
Dr.  R.  C.  Nelson’s  direction.  Mir¬ 
rors  mounted  on  precision  bearings 
disperse  an  infrared  ray  into  its 
component  wavelengths  and  passes 
it  across  a  Cashman  cell.  The  elec¬ 
trical  current  so  generated  is  am¬ 
plified  and  recorded  on  a  10-inch 


Open  Blade  Model  "M"  for  limited 
space  and  low  cost. 
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in  the  electronic  industry 


WHO  buys  thesd  prodilctsZ 


These  are  not  basic  electronic 
components  such  as  tubes,  resistors, 
coils  and  capacitors  for  which  the  market 
is  well  known  and  established. 

These  ore  products  such  as  precision 
gears,  flexible  shafting,  sensitive  relays, 
snap  action  switches,  fractional  hp  motors, 
fasteners,  etc.  Products  that, 
although  not  basic  electronic 
components,  are  vitally  important 
to,  and  used  in  volume  in  the 
manufacture  of  electronic  equipment, 
components  and  controls. 

Although  it  is  known  that 
the  market  for  these  products  ^ 

is  large  in  volume,  it  is 
not  so  well  known  who  buys 
these  products. 


Products  that  are  not  basic 
electronic  components  but 
which  are  vHaily  important  in 
the  manufacture  of  electronic 
equipment  and  components. 


electronics 


determined  to  tind  out . . . 
and  did ...  by  asking  every  ninth 
subscriber  wheti\er  he  directed  or  influenced  the 
purchase  of  these  products. 


the  results  of  this  subscriber  study 

— ^  defining  the  buying  scope  of  ELECTRONICS'  circulation 

in  relation  to  these  products  is  now  available.  A  request 
to  your  local  ELECTRONICS'  representative  will  bring  you  a  factual 
analysis  of  "What  'They  Buy"  —  from  drafting  ecpiipment 

to  telemetering  systems; 
"Who  Does  the  Buying"  —  an  amazing  galaxy  of  research, 
engineering  and  miscellaneous  titles  throughout  the  industry;  and,  based 
on  a  percentage  of  purchasing  power,  a  determination  of  your 
ELECTRONICS  advertising  budget.  Study  it  carefully  and  use  it  as  a 
valuable  guide  to  the  electronic  market  for  these  products. 


electronics 


PRODUCTION 

Bitablish»d  1930 


DESIGN 


330  W.  42nd  S».  •  A  McGRAW-HIll  PUBLICATION  •  NEW  YORK  18,  N.  Y. 


electronics  — September.  1947 


ELECTRON  ART  (continutd) 

graph  a  quarter  of  a  mile  long.  This 
infrared  region  is  of  interest  to  as¬ 
tronomers  in  locating  relatively 
cold  bodies,  studying  atmospheres 
of  planets,  and  gases  of  the  Sun, 
and  to  physicists  in  studying  radi¬ 
ations  from  atoms. 

Tracer  techniques  using  radioac¬ 
tive  isotopes  are  made  more  effec¬ 
tive  by  magnetically  focusing  an 
image  of  the  radiation  given  off  by 
the  test  material  onto  a  photo- 


ENGINEERING  SKILL 


means 


Tracer  micrograph  ehowa  distribution  of 
radioactive  isotopes  within  a  thin  layer  oi 
test  material 


graphic  plate.  The  technique  is  be¬ 
ing  used  at  the  National  Bureau  of 
Standards  by  L.  Matron  in  cooper¬ 
ation  with  P.  H.  Abelson  of  Car¬ 
negie  Institute.  The  tracer  micro¬ 
graphs  provide  greater  resolution 
in  localizing  positions  of  radioac¬ 
tive  particles  and  thus  enable  their 
course  in  biological  and  chemical 
actions  to  be  more  accurately  fol¬ 
lowed. 

True  temperatures  of  Alnico  and 
Alcomax  permanent-magnet  alloys 
are  measured  in  the  research  de¬ 
partment  of  Messrs  William  .Jessop 
and  Sons  (Sheffield,  England)  by  a 
simple  photoelectric  pyrometer  de¬ 
veloped  by  T.  Land  and  H.  Lund. 
A  single  lens  of  30-cm  focal  length 
and  4-cm  aperture  projects  an 
image  of  the  molten  surface  on  a 
2.5-cm  diameter  selenium  barrier- 
layer  photoelectric  cell  behind  a  1- 
cm  aperture.  Light  baffles  in  the 
mounting  tube  exclude  ambient 
light.  The  photocell  operates  a  500- 
ohm  15-/ia  microammeter.  In  cali¬ 
brating  the  instrument  again.st  an 
immersion  type  pyrometer,  the 
spectral  emissivities  of  the  molten 
surfaces  were  calculated  and  intro¬ 
duced  into  the  photopyrometer  by 
means  of  a  variable  resistance 
shunt.  For  melts  having  clean  sur¬ 
faces,  the  instrument  provides  ab¬ 
solute  temperatures  within  10  C. 


CRYSTALS 


.  .  .  all  along  the  line  .  .  .  the  stability  of  your 
crystal  and  the  stability  of  your  set  .  .  .  depend 
upon  engineering  skill. 

HUNT  supplies  the  experienced  crystal  technicians, 
modem  manufacturing  methods  and  inspection  skill 
which  assure  high  stability,  close  tolerance  HUNT 
crystals  to  give  you  better  results  from  your  set. 

Before  you  design  your  set,  get  together  with  ex> 
perienced  HUNT  Engineers.  They  can  help  you 
select  the  right  Crystal  to  give  better  results  from 
your  set.  Write  today. 


CORPORATION 


CARLISLE,  PA 
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ROCKBESTOS  [ 

Firewall  Hookup  Wire 

Insulated  with  high-dieleetric  syn¬ 
thetic  tapes  and  a  “firewall”  of  im¬ 
pregnated  felted  asbestos,  and  covered 
with  color-coiled  lacquered  glass  braid, 
this  heat,  flame  and  moisture  resisting 
wire  may  be  operated  continuously  at 
rate<l  voltage  under  l!25°  C.  without 
baking  out.  Widely  used  in  airborne, 
marine,  ground  and  mobile  communi¬ 
cations  systems,  electronic  devices 
and  compact  apparatus  in  which  de¬ 
pendable  performance  is  e.ssential. 
.\lso  ideal  for  small  motor,  coil,  trans¬ 
former  and  dynamotor  leads.  Sizes 
to  4  AWG  in  KKK)  volt  rating  and 
12,  14  and  16  AWG  in  3000  volt  rating. 

One  of  125  different  constructions  de¬ 
signed  by  Rockbestos  for  severe  operating 
conditions  in  ratings  ranging  from  UK) 
to  5U(M)  volts. 


In  the  battle  again.st  tuberenlosi.s  the  Fairchild  Fluoro-Record  ('ainera 
pictured  altove  has  recorded  the  condition  of  hundreds  of  thoustiiids  of 
lungs.  Mounted  on  X-Ray  equipment,  it  is  used  by  the  U.  S.  l*ublic 
Health  Service  and  other  j)ul)lic  and  private  organizations  for  mass 
screenings.  By  this  new  method  the  automatic  70  mm  camera  yihoto- 
graj)hs  the  chest  as  reflected  on  a  fluoroscopic  screen,  and  with  KM) 
single  negatives  |)er  roll  of  film  hundreds  of  permanent  records  cun  be 
made  daily. 

Fairchild  wires  these  cameras  with  Rockbestos  Firewall  Hook-up 
Wire  for  several  gCMnl  reasons.  They  liked  its  i)erformance  record  in 
their  militiiry  cameras.  They  needed  a  small-tliameter  wire  with  high 
dielectric  strength  that  could  withstand  the  heat  generated  by  mass 
radiography — Underwriters’  approved  for  operation  at  90°  C.  —  ami 
they  ha<i  to  be  sure  that  it  wouldn’t  dry  out  or  bake  brittle  and  would 
have  ample  resistance  to  aging,  moisture  and  flame. 

This  is  but  one  of  hunclreds  of  c.ases  in  which  manufacturers  of  electri¬ 
cal  j)r(Mlucts  ranging  from  appliances  to  precision  in.struments  protect 
j>crformame  with  permanently  insulated  Rocklnvstos  wires,  cables  and 
cords,  liio  different  standard  ty|)es  to  stiect  from.  For  rt'commenda- 
tions  or  engineering  a.ssi.stance,  write  to  nearest  di.strict  offi<-e  or: 

ROCKBESTOS  PRODUCTS  CORPORATION,  451  Nkoll  St.,  New  Haven  4,  Conn. 


ROCKBESTOS  RESEARCH 


FrOCKBE^TOS.':' 


Solves  Difficult  Wire  Problems 


NEW  YORK  BUFFALO  CLEVELAND  DETROIT  CHICAGO  PITTSBLTIGH  ST.  LOUIS  LOS  ANGELES  OAKLAND 
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PRECISION 


SPECIALISTS  IN  ACCURATELY  DRAWN  TUBING  AND  METAL  SHIELDED  WIRE 
Factory:  3824-26-28  TERRACE  STREET  •  PHILADELPHIA,  PA. 

a*«NCNt$  IN  ALL  PRINCirAL  CITIfS 


NEW  PRODUCTS 

(continuod  from  p  142) 

Pickering  model  120M  cartridges. 
Arm  resonance  is  less  than  plus  or 
minus  1  db  over,  the  audio  range 
from  40  to  16,000  cycles  and  pro¬ 
vides  a  pressure  of  22  grams.  The 
arm  is  15  i  inches  long  and  weighs 
about  10  ounces. 


Miniature  Tube  VTVM  (14) 

Allied’  Laboratory  Instrument, 
Inc.,  355  West  26th  St.,  New  York 
1,  N.  Y.  The  model  730  vacuum  tube 
voltmeter  incorporates  miniature 


num  alloys  in  any  wedl  thickness 
dovm  to  one  etnd  one-hali  thou* 
sandths  (0.0015*1 


You  name  your  needs  in  accu¬ 
rately  drawn  seamless  brass, 
copper,  nickel,  aluminum  or 
other  non-ferrous  metal  tubing 
and  we  have  your  answer. 
Every  inch  of  Predsicm-made 
tubing  is  produced  to  exact  re- 
quirmnents  made  possible  by 
our  special  annealing  process. 
Tubing  with  outside  diameters 
ranging  from  0.375'  to  0.010' 
with  a  wide  range  of  wall 
thicknesses. 

POINTER  TUBING  to  the  most 
exacting  specifications  emd  also 
formed  to  your  own  particular 
needs.  Made  of  various  edumi- 


tubes,  an  r-f  probe  with  flat  res¬ 
ponse  to  120  me,  metal  film  resistors, 
and  an  accuracy  of  plus  or  minus  3 
percent.  The  unit  is  light,  small 
and  low  in  price. 


PREFORMED  TUBING  held  to 
extremely  close  tolerances  as 
specified  by  your  engineering 
figures. 

METAL  SHIELDED  WIRE,  a  new 
and  different  product  perform¬ 
ance-proved  for  its  superiority. 
Consists  of  an  inner  conductor, 
dielectric  and  secMnless  metal 
tube,  forming  a  coaxial  pair  of 
conductors.  Shield  and  conduc¬ 
tor  remain  coaxial  even  when 
formed  into  intricate  shapes. 


F-M  and  Television 
Antennas  (15) 

JFD  Manufacturing  Co.,  Inc.,  4117 
Ft  Hamilton  Parkway,  Brooklyn 
19,  N.  Y.  A  new  line  of  f-m  and 
television  antennas,  together  with 
wall  insulators  for  holding  the 


If  you  are  responaible  for  gpecifying  small,  non-ferrous 
metal  tubing  that  must  meet  exacting  specifications  at 
all  times,  you  need  this  new  booklet  of  Precision  Tubing 
and  how  it  should  be  tised.  Write  for  your  free  copy  today. 
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INIAY  METALS 


GENERAL  PLATE  DIVISION 

of  Metals  &  Controls  Corporation 


VISIT  OUR  I 
exhibit] 


ATTLEBORO,  MASSACHUSETTS  ‘  . . 1 

50  Church  St.,  New  York,  N.  Y.;  205  W.  Wocker  Drive,  Chicago,  111.;  2635  Page  Drive^ 


BOOTH  No. 
1B17 


Altodeno,  Calif. 
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There  are  many  reasons  why  General  Plate 
Laminated  Metals  save  you  money  . .  .especial¬ 
ly  during  a  high  silver  market.  First  —  by 
giving  you  precious  metal  only  where  you 
need  it,  they  reduce  the  high  cost  of  today’s 
precious  metals.  Second  —  they  increase  per¬ 
formance  because  they  have  higher  electrical 
conductivity,  high  corrosion  resistance,  greater 
strength,  and  long  wearing  properties.  Third 


—  they  reduce  production  costs  because  Gen¬ 
eral  Plate  Laminated  Metals  provide  ease  of 
fabrication,  are  more  workable,  easy  to  solder 
or  braze. 

General  Plate  Laminated  Metals  are  available 
in  sheet,  wire  and  tube  . . .  inlaid  or  wholly 
covered  ...  or  as  fabricated  parts.  Write  for 
information  on  these  money-saving  materials 
today. 


SAVE  "SILVER  ”  DOLLARS 

with  General  Plate  Laminated  Metals 

(Silver  or  precious  metal  bonded  to  base  metal) 


TUBE 


W  RE 


NEW  PRODUCTS 


(continued) 


transmission  line  in  place,  have  been 
announced.  A  folder  describing  the 
equipment  in  detail  is  available. 


Subminiature  Electrometer 
Tube  <161 

VicTOREEN  Instrument  CJo.,  5806 
Hough  Ave.,  Cleveland  3,  Ohio. 
Type  XV-41  subminiature  elec¬ 
trometer*  tubes  have  incorporated 
new  design  features  reducing  mi¬ 


crophonics  to  a  minimum.  Filament 
voltage  is  1.26  v;  filament  current, 
10  ma;  grid  current,  less  than 
10  “  amp;  grid  resistance,  greater 
than  10"  ohms. 


Screen  Wall  Counter  ^17) 

Radiation  Counter  Laboratories, 
1461  East  57th  St.,  Chicago  37,  Ill. 
The  Libby  screen  wall  counter  can 
be  used  to  measure  soft  radiation 


Masterpiece  of 
Sculpture?  .  •  . 

We  don^t  know  •  •  • 

But  we  do  know 
what  makes  a  Masterpiece 
in  a  RECORDING 

Try  this  easy  4  point  test  to  prove  that  Sounder  aft  offers  you  the 
greatest  potential  for  a  recording  masterpiece. 

1.  Cut  several  unmodulated  grooves  in  any  competitive  blank 
disc.  Make  certain  cutter  is  completely  disconnected. 

2.  Take  a  Soundcraft  blank  and  repeat  step  No.  I. 

3.  Now,  play  back  the  Soundcraft  cutting  with  bass  knocked 
out,  full  nighs  on,  and  volume  high.  Set  YU  meter  pad 
and  note  average  reading. 

4.  Play  competitive  disc  using  same  settings. 

Soundcraft  will  be  quieter,  have  less  crackle  and  the  meter  will  be 
steadier. 

In  our  book  that's  a  long  step  toward  recording  a  Masterpiece  of 
sound  reproduction. 


•5L  i^roaJvaiteff 


muulfiu 


DL  ‘PL^lX 

»/i"  r  »r  ir  u" 


•f7/,r  [^uJition* 

e/i"  r  ir  ir'  iv 

•OL  ‘Waesln 

ir-  i«4“ 


REEVES  SOUNDCRAFT  CORPORATION 

10  EAST  52  STREET  •  NEW  YORK  22,  N.  Y. 


from  a  sample  that  can  not  be  ob¬ 
tained  as  a  suitable  gas,  or  any  ra¬ 
diation  from  a  sample  of  extremely 
low  specific  activity  that  is  avail¬ 
able  in  large  quantities.  All  types 
of  particle  radiation,  alpha  parti¬ 
cles,  beta  particles  and  conversion 
(Auger)  electrons  can  be  counted. 


F-M  and  A-M  Tuner  dS) 

Browning  Laboratories,  Inc.,  Win¬ 
chester,  Mass.,  has  recently  devel¬ 
oped  an  f-m  and  a-m  tuner,  Model 
RJ-14,  in  rack  panel  style  for  com- 
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Type  TMK  Transmitting  Condanser^^r 
An  idnol  condnntnr  for  nxcilnri  and  low  pownr  Irontfflittnri. 
Avollobla  in  lingl*  and  doubln  itator  modnii.  Stnatlln 
iniulatlon.  Spoclal  provixion  hat  boon  mode  for  mounting 
Alt-16  oxcitor  cefit  in  o  iwivoi  plug-in  mount  on  nithnr 
thn  top  or  roar  of  tho  condonior  if  doiirod.  Ovor-oll 
width  2-11/16'.  hoighi  2-23/32'. 


CopCKlty 
(max. -min.) 

Air 

Gop 

Peok 

Voltage 

Length 

Catalog 

35  mmf.-7.5 

.047' 

1500v. 

2-7/32' 

TMK-35 

50  -8 

.047" 

1500v. 

2%' 

TMK-50 

100  -10 

.047' 

1500v. 

3" 

TMK-100 

DOUBLE 

STATOR  MODELS 

1  35/35  mmf.- 
7.5/7.5 

.047 

1500v. 

3" 

TMK-35D 

1  100/100-10/10  .047 

1500v. 

41/4' 

TMK-100D 

1  Compl«f«  LItt 

in  Catalog 

...BASIC  TUNING  UNITS 

These  transmitting  condensers  should  be  the 
basic  tuning  units  of  your  transmitter  designs. 

Compact  assembly,  steatite  insulation,  sturdy 
^  construction,  and  conservative  ratings  will 
enable  National  condensers  to  prove  their  su¬ 
periority  in  your  transmitter. 

Send  for  your  copy  of  the  1947  National  cata¬ 
log,  containing  a  cornplete  list  of  variable 
condensers  and  some  600  other  parts,  today. 

TftcE'tioncEi 

Company,  Inc. 

Dep6.  no.  12 
inaldeit,  niast. 


Typ.  TMC  Transmitting  Condenser 
D.sisnod  for  uM  in  Iho  powor  dagos  of  Ironi- 
mitters  where  peak  voltages  do  not  exceed 
3,000.  The  frame  is  extremely  rigid.  Insulation 
is  steatite.  The  stator  in  the  split  stator  models 
is  supported  at  both  ends.  Over-all  width 
3-9/16',  height  3-5/8'. 


Capacity 

Peak 

(max. -min.) 

Air  Gap  Volt. 

Len. 

Cato. 

50  mmf.*10 

.077" 

3000v. 

3" 

TMC-50 

100  -13 

.077" 

3000v. 

3V>" 

TMC- 100 

250  -23 

.077' 

3000v. 

6" 

TMC-250 

DOUBLE  STATOR  MODELS 

50/50  mmf.-9/9 

’  .077" 

3000v. 

AVs' 

TMC-500 

100/100-11/11 

.077" 

3000v. 

6  Vs' 

TMC-100D 

Complete  List  in 

Catalog 

1 

Capacity 

Air 

Peok 

(max. -min.) 

Gap 

Volt. 

Len. 

Cota. 

75  mmf.-25 

.719" 

20,000v. 

18/1' 

TML-75E 

50  -22 

.469" 

15,000v. 

aA' 

TML-50D 

500  -55 

.219" 

7,500v. 

.18,’,' 

TML-500A 

DOUBLE  STATOR  MODELS 

30/30  mmf.- 

12/12 

.719" 

20,000v. 

18,," 

TML-30DE 

60/60- 

26/26 

.469" 

15,000v. 

18,," 

TML-60DD 

100/100- 

27/27 

.344" 

lO.OOOv. 

18/," 

TML-100DB 

1  Compi«t«  List  in  Catalog 

Type  TML  Transmitting  Condenser 

This  is  a  1  KW  job  throughout.  Special 
steatite  insulators  prevent  arc-covers.  Sturdy 
cast  aluminum  end  frames  and  durol  tie  bars 
permit  an  unusually  rigid  structure.  Precision 
end  bearings  insure  smooth  turning  and  per- 
ir.onent  alignment  of  the  rotor.  Over-all 
width  7~.  height  7-1/8". 


\ 
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OIBLfS  AND  CONNECTORS 


mercial  or  other  application.  An¬ 
tenna  leads  and  audio  output  are 
brought  out  at  the  rear  of  the  chas¬ 
sis.  The  f-m  antenna  and  feeder 
system  also  functions  as  the  a-m 
antenna.  The  power  supply  is  self- 
contained  and  operated  from  115- 
volt  60-cycle  source. 


Efficient  C6nne€ting  Links 
Electrons  at  Work . . . 


Amphenol  radio  irequency  cables,  connectors  and 
cable  assemblies  assure  lasting,  low-loss  continuity 
on  highly  critical  circuits. 


Image  Camera 

International  Mutoscope  Corp., 
Long  Island  City,  N.  Y.  A  televi¬ 
sion  receiver,  coin-operated,  that  is 
equipped  with  a  camera  for  photo¬ 
graphing  images  and  delivering  a 
finished  print  in  one  minute  has 
been  developed  for  use  in  amuse¬ 
ment  arcades. 


VFO  Exciter  (20) 

Barker  and  Williamson,  Inc.,  237 
Fairfield  Ave.,  Upper  Darby,  Pa. 
The  model  500  variable  frequency 
oscillator  provides  high-stability 


AHPHEN^ 
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Thyratron  Modulator  (21) 

Dormitzer  Electric  &  Mra  Co., 
782  Commonwealth  Ave.,  Boston  15, 
Mass.  The  model  12  laboratory 
type  pulse  modulator  has  been  devel¬ 
oped  for  high-frequency  studies.  It 
has  a  peak  pulse  power  of  250  kw, 
maximum  pulse  duration  of  6  mi- 


AMERICAN  PHENOLIC  CORPORATION 

1830  South  54th  Avenue,  Chicogo  50,  Illinois 

COAXIAL  CABLES  AND  CONNECTORS  •  INOUSTRIAL  CONNECTORS.  FITTINGS  ANO 
CONOUIT'*  ANTENNAS  •RAOlO  COMPONENTS  •PLASTICS  FOR  ELECTRONICS 


fundamental  driving  power  on  all 
amateur  bands  into  a  type  807  out¬ 
put  tube  that  can  be  used  as  a 
transmitter  or  driver  for  higher 
power.  The  model  502  contains  only 
the  essential  variable  frequency  os¬ 
cillator  elements. 


Available — from  stock — to  makers  oi  electronic  equip¬ 
ment  and  to  amateurs,  they  ore  produced  in  several 
types.  Each  is  designed  to  meet  the  requirements  in  a 
specific  field  of  application. 

To  simplify  your  selection,  the  new  Amphenol  D-1 
Catalog  of  radio  frequency  cables,  connectors  and 
coble  assemblies  includes  decibel  loss  and  power 
rating  data  of  all  cables.  Functional  illustrations  and 
tabular  matter  quickly  show  which  connector  is 
needed  for  each  cable.  Installation  dimensions  are 
shown,  as  are  instructions  for  the  proper  assembly  of 
cables  to  connectors.  Included  is  a  cross-index  of 
army-navy  and  Amphenol  type  designation  numbers. 
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N.  APPEARANCE  HAS  WEIGHT  with  most  of  us.  •  '' 

'^You  can  load  the  scales  in  your  favor  by  utilizing 
the  extra  buy-oppeol  of  Croname's  new  CQ  cases. 


iCRONAME 

;  1....— I.  inCOWPOW*TEO 


You  may  send  me  literature  on  the  new  CQ  cases. 


Address. 


- 

S701  NAVENSWOOD  AVC. 

CHICAGO  IS.  ILLINOIS 


Please  Cheek  h* 

_ Amateur  _ Distributor 

_ Consulting  Engineer  _ Experimenter 

_ Custom  Builder  _ Industrial  Designer 


_ Manuiacturer 

_ Service  Dealer 
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BECAUSE  OF  his  build,  character  and  perform¬ 
ance,  Astatic’s  Mr,  "Q.T.”  Pickup  Cartridge  has  earned 
the  confidence  of  many  leading  radio-phonograph  en¬ 
gineers  and  nianufacturers,  and  is  now  "going  places” 
as  a  vital  unit  in  the  newest,  high  quality-type  record 
players. 

If  asked  why  the  new  Model  "QT”  Cartridge  has  been 
so  generally  approved,  these  designers  and  producers 
of  phonograph  equipment  would  undoubtedly  state 
that  the  "QT”  Cartridge  supplies  a  clear,  clean  type  of' 
reproduction  essentially  free  from  annoying  needle 
scratch,  and  that  such  reproduction  remains  constant 
during  the  life  of  the  instrument. 

This  is  true  because  the  "QT”  Cartridge  is  equipped 
with  a  MATCHED  Needle,  possessing  all  the  qualities 
of  a  permanent  needle  yet  having  the  advantage  of  be¬ 
ing  REPLACEABLE.  This  provides  assurance  that  the 
original  quality  of  reproduction  shall  be  maintained 
throughout  the  life  of  the  cartridge  regardless  of  the 
1^  number  of  times  the  needle  is  replaced.  "QT” 
Needles  are  available  with  precious  metal  or 
jewel  tip,  and  may  be  easily  inserted  or  re- 
I  moved  when  replacement  is  necessary. 

Special  literature  is  available. 


croseconds,  minimum  duration  of  1 
microsecond,  maximum  repetition 
rate  of  4,000  pulses  per  second  and 
operates  into  a  50-ohm  load.  A  200- 
volt  positive  trigger  is  required. 

Freight  Train  Radio  (22) 

Bendix  Radio,  Towson,  Md.  The 
type  MRT-2B  vhf  portable  two-way 
railroad  radio  unit  is  designed  pri¬ 
marily  for  use  in  end-to-end  radio 
operation  on  freight  trains.  Overall 


size  of  the  equipment  illustrated  is 
11 A  by  9J  by  4  A  inches  and  the 
weight  is  only  a  little  over  15 
pounds.  The  equipment  operates  on 
railroad  radio  frequencies  in  the 
160-mc  region. 

ECO  Exciter  for  F-M  (23) 

Columbus  Electronics,  Inc.,  229 
So.  Waverly  St.,  Yonkers,  N.  Y.  The 
type  FMO-428  eco  exciter  contains  a 
reactance  modulator  for  narrow- 
band  f-m.  Output  for  80,  40,  20, 
and  10  meters  can  be  modulated  or 
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ur  specialty  is  the  manufacture  of  insu¬ 


lating  papers  for  coils,  transformers,  condensers,  or  other  insulating 


purposes... in  thicknesses  ranging  from  .0002"  to  .005". 


1 


SCHWElIZER  PAPER  CO.,  INC. 

New  York  Offices:  Chrysler  Building,  New  York  17,  N.  Y.  ,  Plants:  Jersey  City,  N.  J.,  Mount  Holly  Springs,  Pa. 

REPRESENTATIVES: 

Chicago  Area:  Russ  Diethert  Company,  612  North  Michigan  Avenue,  Chicago  11,  Illinois 

West  Coast:  Electrical  Specialty  Company,  316  Eleventh  Street,  San  Francisco  3,  Calif. 
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NEW  PRODUCTS 


(continiMd) 


keyed  as* desired.  Write  for  Bulle¬ 
tin  El. 


Electrometer  Triode  ^24) 

^  Raytheon  Mfg.  Co.,  Newton,  Mass. 

]  The  type  CK670AX  nonmicro- 
j  phonic  electrometer  triode  is  now 
{  commercially  available.  Capable  of 
measuring  currents  as  low  as  0.01 
micromicroampere,  the  tube  re¬ 
quires  only  12.5  milliwatts  of  fila¬ 
ment  power.  A  data  sheet  includ¬ 
ing  the  recently  declassified  Zeus 
circuit  is  available  from  the  Special 
Tube  Section. 


The  Finest 

Electrical 

Connectors 

Money  can  beild 
^  or  beyl 


Automatic  Tuner  ^25) 

Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  The  type  496E  Autotune  unit 
is  a  precision  tuning  device  for  all 
radio  and  industrial  applications 


SCINFLEX! 


Bendix-Scintilla*  Electrical  Connectors  are  precision-built 
to  render  reliable  peak  efficiency — day-in  and  day-out 
even  under  difficult  operating  conditions.  The  use  of 
Scinflex — a  new  Bendix-Scintilla  developed  dielectric 
material — makes  them  vibration -proof,  moisture-proof, 
pressure-tight,  and  materially  increases  flashover  and  creep- 
age  distances.  Even  under  extremes  of  temperature — from 
—67°  F.  to  -1-300°  F. — their  performance  is  remarkable. 
Dielectric  strength  is  never  less  than  300  volts  per  mil. 

The  contacts,  made  of  the  finest  materials,  carry  maxi¬ 
mum  currents  with  the  lowest  voltage  drop  known  to  the 
industry.  Check  the  list  of  outstanding  features  below — 
then  write  for  detailed  information  on  these  truly  superior 
connectors.  They  belong  on  every  job  where  there  is  no 
compromise  with  quality.  •tudemam 


requiring  an  accuracy  of  one  part 
in  36,000.  Output  torque  is  one 
inch-pound  maximum  and  operat¬ 
ing  time  is  less  than  six  seconds. 


Marine  Communicator  ^26) 

Western  Electric  Co.,  Inc.,  195 
Broadway,  New  York  7,  N.  Y.  Type 
248 A  marine  radiotelephone  with 
dial  code  selector  is  distributed  by 
the  Graybar  Electric  Co.  The  re¬ 
mote  control  unit  illustrated  per¬ 
mits  rapid  operation  of  telephone 
service  by  providing  instant  selec¬ 
tion  or  changeover  from  one  to  any 
other  of  the  30  optional  operating 
frequencies  between  2  and  20  mega- 


•  Vibration-proof 

•  Moicturo-proof 

•  Radio  Quiol 

•  Singlo-pioco  ln»orts 

•  No  Tomporory  Ovorloods 


•  Pretturo-tighI 

•  Minintum  WoighI 

•  High  Arc  Rotistonco 

•  Easy  Ascombly  and  Disotcombiy 

•  Low  Eloctricoi  Rotistonco 
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At  Philadelphia,  a  tMtboard  man  answers  as  an  electronic  watchman  calls  attention  to  conditions  on  one  of  the  coaxial  systems  to  Baltimore  and  Washington. 


Send  Help  to  Manhole  83 


Each  watchman  —  an  electronic  regu-  self-regulating  in  telephone  systems, 

lator  —  checks  the  transmission  level  This  is  one  reason  why  your  long 

and  adjusts  the  amplification  which  distance  call  goes  through  clearly, 
sends  your  voice  along  to  the  next  summer  or  winter, 
point.  Many  hundreds  of  regulators 
may  be  at  work  on  a  single  long 
distance  call. 

Without  automatic  regulation,  the 
precise  control  of  energy  in  the  Bell 
System's  long  distance  circuits  would  be 
a  superhuman  task.  So  Bell  Laborato¬ 
ries,  which  in  1913  developed  the  first 
high  vacuum  electronic  amplifier,  went 
on  to  devise  the  means  to  make  them 


Strung  out  along  every  Bell  System  co¬ 
axial  cable,  electronic  watchmen  con¬ 
stantly  mount  guard  over  your  voice. 
Some  are  in  manholes  under  city 
streets;  some  are  in  little  huts  on  the 
desert.  Most  situations  they  can  deal 
with;  if  things  threaten  to  get  out  of 
hand,  they  signal  the  nearest  testboard. 

Principal  care  of  the  electronic 
watchman  is  the  transmission  level.  Sun- 
warmed  cables  use  up  more  energy 
than  cold  ones,  so  a  transcontinental 
call  may  take  a  millionfold  more  en¬ 
ergy  to  carry  it  by  day  than  by  night. 


Exploring  and  inventing,  devising  and 
perfecting  for  continued  improvements 
and  economies  in  telephone  service. 


ii’* 
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(continutd) 


Radio  or  Radar  Equipment? 


2.  SUPERIOR  STAKING  QUALITIES 
. . .  ends  will  roll  without  splitting. 


3.  BETTER  FOR  MOLDED  PARTS 

. .  closed  end  keeps  compound  out. 


If  you  use  pins  for  vacuum  tubes,  adapters, 
fluorescent  lamps,  plugs,  or  electrical  equip¬ 
ment  of  any  kind,  the  chances  are  you’ll  save 
time,  money  and  rejections  by  using  these  super¬ 
smooth,  seamless,  patented  Radio  Pins.  They  are 
available  in  a  wide  variety  of  styles  and  sizes, 
with  staking  end  either  closed  or  open.  For  a 
quotation,  simply  send  a  sketch,  sample  or  de¬ 
scription  and  state  the  quantity  you  need. 


In  addition  to  Radio  Pins, 
we  produce  large  quanti¬ 
ties  of  top  caps,  base  shells 
and  adapter  shells  for  vac¬ 
uum  tubes;  also  a  wide  va¬ 
riety  of  other  metal  prod¬ 
ucts  including  deep  drawn 
shells  and  cups,  blanks  and 
stampings,  ferrules,  grom¬ 
mets,  washers,  vents,  fasten¬ 
ers— and,  for  almost  every 
manufacturing  require¬ 
ment,  the  w’orld’s  largest 
assortment  of  eyelets.  4-im 


THE  AMERICAN  BRASS  COMPANY 

Waterbury  Brass  Goods  Branch 

General  Offices:  Waterbury  88,  Connecticut 
Subsututry  of  Anactmdu  Copper  Minhig  Company 
Im  Canada:  ANACONDA  AMERICAN  Brass  Ltd.,  Sew  Toronto,  Ont. 


Special  Products  Co.,  Silver 
Spring,  Md.  Specords  are  rubber- 
covered  conductors  formed  in 
spirals  so  that  they  will  not  kink  or 
snarl  in  use.  A  single-conductor 
shielded  microphone  cable,  for  in- 


stance,  has  a  retracted  length  of 
about  59  inches  but  stretches  to  25 
feet. 


Thoriated  Tungsten 
Tubes  (28) 


Federal  Telephone  and  Radio 
I  CORP.,  Clifton,  N.  J.  Thoriated 
j  tungsten  filaments  are  used  in  tubes 
'  developed  for  use  in  50-k\v  broad- 


Retractile  Cable 


PINS 


RADIO 


Present  3  clean-cut 
Advantages 


!  cycles.  Three  radio  receivers  facili 
i  tate  traffic  handling  or  simultane 
j  ous  monitoring  of  three  stations. 


’  1.  EXTREME  UNIFORMITY 


September,  1947  —  ELECTRONICS 


NI-SPAN  C  is  a  Titanium -Chromium- 
Nickel-Iron  alloy  with  the  outstanding 
property  of  having  a  constant  modulus, 
i.  e.  a  zero  thermoelastic  coefficient,  over 
a  range  of  temperature  from— 50  to  -f- 
1 50'*F.  Most  metals  have  a  negative  ther¬ 
moelastic  coeffcient,  that  is  they  become 
elastically  weaker  or  decrease  in  stiffness 
with  rise  in  temperature.  The  important 
difference  between  Ni-Span  C  and  other 
materials,  whether  of  the  constant  modulus 
type  or  otherwise,  lies  in  the  fact  that 
Ni-Span  C  is  a  precipitation  hardening 
alloy  in  which  the  thermoelastic  coefficient 
is  adjustable  through  age  hardening  heat 
treatment.  This  unique  combination  of 
modulus  control  plus  the  high  elastic  and 
strength  properties  obtained  through  age 
hardening  makes  Ni-Span  C  a  new  material 
having  very  important  commercial  appli¬ 
cations,  the  most  important  being  those 
where  constant  elastic  characteristics  are 
required  without  the  necessity  of  tempe¬ 
rature  compensating  devices. 


Advantages  of  NI-SPAN  C: 

1 .  Higher  hardness  and  higher  mechanical  properties  obtain¬ 
able  through  a  precipitation  hardening  heat  treatment,  than 
can  be  obtained  with  other  constant  modulus  alloys  through 
cold  working. 

2.  An  extremely  important  afivantage  of  Ni-Span  C  is  that 
the  precipitation  hardening  heat  treatment  which  brings  about 
the  marked  improvement  in  physical  properties  can  also  be 
utilized  to  adjust  the  thermoelastic  coefficient  of  a  given 
Ni-Span  C  composition  within  a  certain  range  by  means  of 
appropriate  variation  in  this  heat  treatment. 

Applications: 

Watch  and  instrument  hair  springs,  accurate  weighing  scale 
springs,  and  accurate  springs  of  all  kinds,  where  inherent 
temperature  compensation  is  required.  Diaphragms  for  pres¬ 
sure  sensitive  instruments.  All  types  of  parts  in  which  extremely 
low  creep  or  hysteresis  valbes  are  required.  While  the  con¬ 
trollable  modulus  property  does  not  hold  good  beyond  150.°F., 
Ni-Span  C  has  shown  very  small  relaxation  in  long  time  tests 
up  to  550°F. 

NOW  READY!  Comprehensive  Wilco  Data  Bulletin  on  NI-SPAN 
C,  including  complete  physical  and  mechanical  properties, 
recommended  times  for  heat  treatment  and  other  pertinent 
information.  Send  for  your  copy. 

Whatever  your  requirements  for  Wilco  materials,  our  engineers 
will  gladly  help  you  meet  them  successfully. 


WILCO  PRODUCTS  INCLUDE:  THERMOSTATIC  BIMETAL — Wide  temperature  ranges, 
deflection  rates  and  electrical  resistivities.  CONTACTS — Silver-Platinum-Tungsten- 
Ailoys-Sintered  Powder  Metal.  SILVER  CLAD  STEEL.  JACKETED  WIRE— Silver  on  Steel, 
Copper,  Invar  or  other  combinations  requested.  ROLLED  GOLD  PLATE  AND  WIRE 
NI-SPAN  C  New  Constant  Modulus  Alloy.  SPECIAL  MATERIALS. 

Trade  Mark  The  Internationol  Nkkel  Co.,  Inc. 


THE  H.  A.  WILSON  COMPANY 

105  Chestnut  Street,  Newark  5.  N.  J.  •  Bronch  Officei  Chicago,  Detroit,  to?  Angeles,  Providence 

SPECIALISTS  FOR  30  YEARS  IN  THE  MANUFACTURE  OF  THERMOMETALS  •  ELECTRICAL  CONTACTS  •  PRECIOUS  METAL  BIMETALLIC  PRODUCTS 
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MEW  PRODUCTS  ..  (continu«d) 

cast  transmitters.  The  type  9C30 
illustrated  is  designed  for  r-f  ampli- 
fier  service  at  frequencies  up  to  20 
megacycles.  Filament  voltage  is 
volts  and  current  is  135  amperes. 
Maximum  plate  voltage  is  15,000 
volts,  and  current  8  amperes.  Plate 
input  is  120  kw  and  40-kw  plate  dis¬ 
sipation  is  allowable. 


WEBSTER  ELECTRIC 

meet  demands  for  an 
all-around  good  cartridge 


Microwave  Diathermy 


Raytheon  Mfg.  Co.,  Waltham, 
Mass.  The  Microtherm  is  a  micro- 
wave  diathermy  equipment  operat¬ 
ing  at  2.45  kilomegacycles  and  is 
intended  to  produce  a  rapidly  pene¬ 
trating  heat  in  the  human  body. 
Because  of  its  greater  effect,  less 


(foctn.  nc<}cwietHeMU 

•  Weight 

•  Response  characteristics 

•  Voltage  output 

r  •  Dimensions  and  mountings 
'  •  Type  of  terminals 

•  Type  of  ground 

•  Tracking  pressures 


#  The  Mide  selection  of  )\ebster  Electric  cartridges  offers  a  cartridge  with 
correct  characteristics  for  your  use.  Correct  weight,  response,  voltage  out¬ 
put  and  other  requirements  so  necessary  for  top  performance. 

Webster  Electric  cartridges  are  GOOD  cartridges  of  balanced  construction 
that  produce  maximum  output  at  designated  tracking  pressures  with  mini¬ 
mum  distortion  and  minimum  mechanical  reproduction.  All  models  offer 
exceptionally  uniform  response  over  the  desired  range  of  frequencies,  with 
low  distortion  and  minimum  needle  noise. 

Complete  tone  arm  assemblies  of  improved  design,  in  a  wide  selection  of 
modris,  are  also  available  to  incorporate  in  your  models. 

All  Webster  Electric  products  are  carefully  designed  and  manufactured 
under  highest  quality  standards.  They  have  been  on  the  market  for  years, 
and  during  this  time  have  proved  their  value  for  long  life  and  top  performance. 

(hictnstd  undtr  paltnls  of  tht  Brush  Dtvslopmont  Compmuy) 


power  is  required  for  this  than  for 
conventional  equipment  and  the 
unit  is  therefore  portable. 

Vacuum  Gage  Tubes  (30) 

Radio  CkiRP.  of  America,  Camden, 
N.  J.  T3q)e  1945  ionization  gage 
tube  is  used  in  a  new  vacuum  leak 


WEBSTER 


ELECTRIC 


WISCONSIN 


baMf  DM- 13  40«h  SlTMl,  N«w  YmIi  (16),  N.  Y.  CaM*  Addiatt  "ARIAB”  Naw  Yaili  CHy 

"Where  Qwelity'lt  e  Respensibllity  end  Fair  Dealing  an  Obllgatlen* 
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Features  VOLTAGE  CONTROL 
by  SUPERIOR  ELECTRIC 


All  the  information  required  for  selection 
of  the  correct  voltage  control  apparatus 
is  included — 

FOR  EXAMPLE  ... 


rUTTLI\OIHI  TYPE  20 


Although  the  smallest  in  physical  and 
elearical  size  of  all  POWERSTAT  variable 
transformers,  type  20  possesses  all  the  essen¬ 
tials  of  superior  voltage  control  equipment. 
It  has  excellent  regulation  .  .  .  high  effi¬ 
ciency  .  .  .  smooth  control  .  .  .  and  unusually 
rugged  mechanical  construction.  Its  current 
rating  of  3.0  amperes  exceeds  all  other  units 
of  comparable  mounting  dimensions.  For 
three  fffiase  operation,  type  20  can  be  ganged 
for  wye  or  open-delta  operation. 


OCPTh  SCh  NO  ***'MCL  ro*» 
^  GAM-.  -  1  ^ 


To  get  your  copy  of  Bulletin  547  .  .  .  for  more  information  on 
POWERSTAT  type  20  and  other  voltage  control  equipment  write 

SUPERIOR  ELECTRIC,  1091  laurel  Street,  BRISTOL,  CONNECTICUT 


POWERSTAT  VARIABLE  TRANSFORMERS  •  VOLTBOX  A*C  POWER  SUPPLY  •  STABILINE  VOLTAGE  REGULATORS 
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DNICS 


Now  study 
Transient  Phenomena 
with 

Magnetic  Recording! 


9m 
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NEW  PRODUCTS  (continued) 

detector.  Sensitive  only  to  hydro¬ 
gen,  the  tube  is  connected  into  a 
vacuum  system  and  a  jet  of  hydro¬ 
gen  is  then  played  over  the  areas 
to  be  checked  for  leaks.  A  smail 
amount  of  the  gas  increases  ion 
current  in  the  tube  to  give  an  indi¬ 
cation.  Other  ionization-type  tubes 
are  the  type  1949  and  type  1950. 
The  1946  is  a  thermocouple  and  the 
type  1947  is  a  Pirani  gage. 


Arlington  Electrical  Products, 
Inc.,  18  West  25th  St.,  New  York 
10,  N.  Y.  A  counter  for  use  in  mo¬ 
tion  picture  viewing,  dubbing  and 
I  other  operations  can  be  remotely 


•  Low  rates — special  pick-up  and  delivery  in  principal  U.S.  towns  and 
cities  at  no  extra  cost.  •  Moves  on  all  (lights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,0(X)  ofl-airline  ofiBces. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  local  Air  Express  Division,  Railway  Express  Agency, 
for  fast  shipping  action  .  .  .  Write  today  for  Schedule  of  Domestic  and 
International  Rates.  Address  Air  Express,  230  Park  Ave.,  New  York  17. 
Or  ask  for  it  at  any  Airline  or  Railway  Express  Office.  Air  Express 
Division,  Railway  Express  Agency,  representing  the  Airlines  of  the  U.S. 


located  from  projector,  recorder  or 
dubbing  head  and  will  read  elapsed 
time  to  0.1  minute.  The  unit  illus¬ 
trated  can  be  furnished  for  35  or 
16-mm  film. 


NEW  PRODUCTS  (cont!no,d) 

300  megacycles.  Critical  resistors 
have  a  heat  loop  and  are  fungus- 
proofed. 

Audio  Peak  Limiter  (33) 


The  Langevin  Co.,  Inc.,  37  West 
I  65th  St.,  New  York  23,  N.  Y.  Type 
j  119-A  Progar  unit  is  a  fast  acting 
!  peak  limiter  preceded  by  an  auto- 
I  matic.gain  control  amplifier  with 
'  variable  time  constants.  In  broad- 


Filni  Counter 


(31) 


The  Brush  Development  Co. 

V  3415  Perkins  Avenue  •  Cleveland  14,  Ohio  / 


Canatlian  ft9presentati¥€s:  A.  C.  Wickman,  (Canada)  ltd. 
P.O.Box  9,  Station  N,  Toronto  14,  Canada 
^  it 


5peci^  Air  B(pres8-it^  Good  Business 


Electronic  Manufacturing  Co., 

I  140  South  Second  St.,  Harrisburg, 
Pa.,  Model  110  vacuum  tube  volt- 
!  ohmmeter  is  useful  for  servicing 
television,  transmitters,  f-m,  regu- 
*  lar  receivers  and  industrial  appli- 
I  ances.  The  unit  reads  to  15,000 
I  volts  d-c,  and  300  volts, 'a-c  up  to 
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Transient  Recorder 


Indicator  Lights 


(34) 


Brush  representatives  will  be  glad  to  discuss  applications  of  this 
instrument  in  solving  your  porticular  laboratory  or  production 
problems.  For  complete  details  write  today  for  further  information. 


h's  like  having  all  your  suppliers  close  at  hand,  when  you  specify 
Air  Express  delivery.  Air  Express  gets  you  what’s  wanted  in  mere 
hours  ...  no  matter  where  your  suppliers  are  located. 

Planes  carrying  your  Air  Express  shipments  are  bigger  and  faster 
today.  Even  overnight  coast-to-coast  deliveries  are  routine.  Same 
day  delivery  between  many  airport  towns  and  cities.  An«l  Air  Ex- 
•  press  rates  are  low.  Use  this  sf>eedy,  ftrofitable  service  regularly 
to  keep  customers  satisfied,  and  business  running  without  a  hitch. 


VTVM 


(32) 


1927—  20TH  YEAR  OF  GETTING  THERE  FIRST!  —  19^7 


cast  station  applications  the  cir¬ 
cuits  can  be  employed  to  insure  a 
higher  average  percentage  of  modu¬ 
lation  than  can  be  obtained  with  a 
limiter  alone.  A  catalog  sheet  is 
available  describing  the  equipment 
and  its  use. 


American  Electronics  (^rp.,  226 
No.  Fourth  St.,  Columbus,  Ohio, 
announces  a  line  of  standard  neon- 


Fastest  delivery  — at  low  rates 

Trailer  parts  (.si  lbs.)  needed  in  Los  Angeles 
fait.  Picked  up  at  Portland,  Ore.,  factory  5 
PM  on  13th,  delivered  first  thing  next  AM 
821  miles  away — in  time!  Air  Express 
charge  $12.52!  Other  weights,  any  dis 
tance  equally  inexpensive  and  fast! 


Oil  Vapor  Vaciiiim  Pump  (35) 


am  meRe  msr 


glow  lamp  indicators.  The  units 
are  composed  of  a  high  heat-resist¬ 
ing  outer  housing  provided  with 
suitable  mounting  bracket  that  en¬ 
cases  a  neon-glow’  lamp  and  proper 
resistance  for  operating  on  volt¬ 
ages  of  70  volts  and  upward,  a-c  or 
d-c. 


Litton  Engineering  Labs.,  San 

Carlos,  Calif.  Model  250  series  oil 


Brutb  TranMieni  Recorder 
with  Oscilloscope  Show¬ 
ing  Typical  Transient 


automatically  recorc 
transient  phenomena  of  less  than  2/ 
second  duration-^— either  electrical  or  capable  of  beii 
picked  up  by  electrical  gauges. 

Some  typical  phenomena  which  may  be  recorded  1 
the  Brush  Transient  Recorder  include  spot  weldir 
currents,  light  flashes,  arc  discharges,  impact  load 
etc.  These  results  are  accompUshed  by  magnetical 
recording  on  a  rapidly  moving  steel  tape  a  frequem 
modulated  carrier.  Reset  button  clears  tape  ai 
prepares  it  for  re-use. 


Insulation  Advantages 


•  HIGH  MECHANICAL  STRENGTH 


•  HIGH  ARC  RESISTANCE 


•  FIRM  BOND  TO  METAL  INSERTS 


General  Electric  has  complete  molding 
and  fabricating  facilities  for  producing 
G-E  mycalex  parts  in  any  quantity.  Let 
General  Electric’s  mycalex  specialists 
fabricate  sample  parts  for  you  to  test. 
After  testing,  your  designs  can  be  con¬ 
verted  to  the  speediest,  most  economi¬ 
cal  molding  processes.  To  get  the 
complete  story,  send  for  the  booklet, 
“G-E  MYCALEX”.  Write  to  Section 
S-21,  Plastics  Division,  Chemical  De¬ 
partment,  General  Electric  Company, 
1  Plastics  Avenue,  Pittsfield,  Mass. 


•  General  Electric  mycalex  is  an  ex¬ 
ceptional  insulation  material  because 
of  its  unique  combination  of  projaerties. 
Use  G-E  mycalex  when  insulator 
designs  call  for  a  firm  bond  to  metal 
inserts  plus  excellent  resistance  to  heat 
and  arcing,  high  dielectric  and  mechan¬ 
ical  strength,  and  a  low  loss  factor. 
G-E  mycalex  is  a  gray,  stone-hard  com¬ 
pound  of  glass  and  mica  that  can  be 
ordered  in  standard  rods  and  sheets. 
Or  it  can  be  molded  or  fabricated  to 
your  specifications. 


•  LOW  LOSS  FACTOR 


GENERAL 
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For  SIMPLE  CONVERSION 
to  A-C  OPERATION 


vm  iMiA  AowtR  utmy 


Several  G-R  instruments,  equipped  with  a  battery 
block  to  secure  the  maximum  portability  for  held  use, 
are  often  operated  continuously  for  many  hours  in  the  lab¬ 
oratory,  in  testing  and  in  production.  For  such  uses  an 
a-c  operated  power  supply  to  replace  the  battery  is  a  great 
convenience. 

The  Type  1261-A  Power  Supply  was  designed  for  this  use. 
Mechanically  and  electrically  it  is  interchangeable  with  a 
BA48  battery,  supplying  the  same  voltages  and  current.  It  is 
interchangeable  with  the  BA48  battery  in  the  Type  759-A 
or  -B  Sound  Level  Meter,  the  Type  720-A  Heterodyne 
Frequency  Meter  and  the  Type  I2M-A  Amplifier  &  Null 
Detector. 

It  also  can  be  used  as  a  general-purpose  substitute  for  a 
BA48  battery.  Its  output  is:  FILAMENT  SUPPLY:  1.5 
or  3.0  volts  up  to  350  ma;  PLATE  SUPPLY,  when  used  on 
a  113-volt  60-cycle -line  with  normal  filament  current  of 
300  ma:  133  volts,  open  circuit;  107  volts  at  3  ma;  89  volts 
at  3  ma;  72  volts  at  7  ma;  maximum  output  current  of  8  ma. 

A  selenium  rectifier  and  L-C  filter  with  two  flashlight 
cells  floating  across  the  output  provide  a  low-impedance, 
well-filtered  and  regulated  d-c  filament  supply.  A  relay 
opens  the  circuit  when  the  instrument  is  not  in  use  so  that 
the  life  of  the  batteries  is  equivalent  to  their  shelf  life. 

A  conventional  vacuum-tube  rectifier  and  R-C  filter  p-o- 
vide  the  plate  supply.  A  4-terminal  output  socket  fits  the 
plug  on  the  battery  cable  of  the  instruments  which  use  the 


TYPE  759-B 
SOUND-LEVEL 
METER 


For  all  types  of  Noise 
Measuremaus,  Accur¬ 
ate,  very  seiuitn'C,  any¬ 
one  can  operate. 


NULL  DETECTOR 


A  high  gam  general- 
purpose  laboratory  am¬ 
plifier  and  a  sensitnc 
visual  null  detector  for 
bridge  measurements. 


battery  cable  of  the  instruments  which  use  the 
bA48  battery;  cKtal  selector  plugs  inserted  into  a  socket  on 
the  power  supply  make  it  possible  to  select  filament  and 
plate  voltages  for  various  needs. 

IMPORTANT  —  When  ordering  be  sure  to  specify  type 
and  serial  number  of  any  of  the  three  G-R  instruments  with 
which  the  supply,  is  to  be  used;  otherwise  we  will  ship  a 
selector  plug  which  the  user  can  wire  to  meet  his  in¬ 
dividual  requirements. 

TYPE  1261-A  POWER  SUPPLY . $95.00 


TYPE  710-A 
HETERODYNE 
FREQUB4CY  METER 


For  TTKOiiarrmenf  0/  fre- 
quoncies  by  Karmontc 
methods  between  lo  ami 
5.000  megacycles. 


A-C  SUPPLY  TO  REPLACE  STORAGE  BATTERIES 


•  The  Type  1260-A  VARIAC'-RECTIFIER  effectively  replaces  the  usual 
storage  battery  for  general  laboratory  use.  It  is  a  convenient  variable  d-c 
voltage  source  for  use  in  many  types  of  experimental  circuits  for  operation 
from  115-volt,  60-cycle  lines 

Essentially  this  supply  consists  of  a  transformer  with  VARIAC*- 
controlled  input,  a  selenium  rectifier,  an  output  filter  and  a  d-c  output  meter. 

The  output  voltage  range  is  0-10  volts  at  4  amperes;  maximum  power  of 
40  watts;  maximum  current  4  amperes;  no-load  voltage  15  The  power  input 
at  full  40-watt  load  is  about  75  watts;  the  hum  voltage  at  10  volts,  4 
amperes,  is  less  than  100  millivolts  or  1%  of  the  output  voltage,  when  the 
suroly  is  operated  on  a  60-cycle  line. 

This  supply  is  a  very  convenient  unit  for  operating  battery-driven  equip¬ 
ment  at  voltages  up  to  10  volts.  The  ability  to  set  the  d-c  voltage  at  any 
desired  value  between  0  and  10  is  an  added  advantage  in  many  cases. 

TYPE  1260-A  VARIAC*-RECTIFIER  ....  $125.00 
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ORDER  NOW  — Delivery  of  BOTH  Probably  from  STOCK 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St.,  New  York  G  920  S.  Michigan  Ave.,  Chicago  S  9S0  N.  Highland  Ave.,  Los  Angeles  38 
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NEW  products  (centinuad) 

vapor  vacuum  pumps  are  con¬ 
structed  entirely  of  steel  and  are 
water  cooled  to  insure  proper  action 
in  hot  places.  *  Boiler  and  charco&i 
baffles  are  easily  demountable  for 
cleaning  purposes.  Complete  char¬ 
acteristics,  prices,  and  dimensions 
are  available  on  request. 

Recording  Console  ^36) 

Rek-O-Kut  Co.,  146  Grand  St.,  New 
York,  N.  Y.  A  new  console  for  re¬ 
cording  or  transcription  equipment 


has  a  drop-front  door  and  pockets 
for  holding  approximately  100  six- 
teen-inch  recordings.  Four  screw 
jacks  are  provided  for  leveling  the 
console. 

Marine  Radiophone 

Jefferson  -  Travis,  Inc.,  Ill 
Eighth  Ave.,  New  York  11,  N.  Y. 
Model  351  marine  radiotelephone 
for  12  or  32-volt  operation  com¬ 
prises  5  crystal-controlled  channels 
for  transmitting  and  receiving  cov¬ 
ering  the  complete  2  to  3  me  marine 
band.  The  entire  unit  is  housed  in 


f 


f - - 

What’s  your  Fine  Wire  problem? 


Problem  1  ' 

Mr.  Plate  had  miles  of  wire  but  he  needed  it 
gold  plated.  Just  a  call  to  Fine  Wire  Head¬ 
quarters  and  we  agreed  to  add  the  protec¬ 
tion  plus  the  fine  appearance  of  gold.  If  you 
have  a  plating  problem,  we  have  the  plating 
facilities. 


.i 


m 


S' 


Problem  2 

Mr.  Fine  had  to  have  some  .001  copper 
wire  to  fill  "an  important  order.  So  Fine 
Wire  Headquarters  transformed  his  coarse 
copper  wire  to  .001.  We  can  do  the  same 
for  you  if  you  have  wire  that's  too  big. 


Problem  3 

Mr.  Insulate  needed  enamelled  fine  wire.  So 
he  ordered  from  Fine  Wire  Headquarters, 
and  received  fine  enamelled  copper  wire 
made  to  his  specifications. 


the  answer 


TWTHY  not  call  Fine  Wire  Head- 
"  ^  quarters  when  you  have  a  ques¬ 
tion  about  fine  wire?  We  can't  do  the 
impossible,  but  we  can  do  lots  of  things 
that  can  bring  you  the  right  fine  wire 


for  the  job.  So  when  you  have  a  Fine 
Wire  problem  wire,  phone  or  write 
to  North  American  Philips,  makers  of 
NORELCO  Fine  Wires,  and  ELMET 
Tungsten  and  Molybdenum  products. 


NORTH  AMERICAN  PHILIPS  COMPANY,  INC. 

Dept.  E-9, 100  East  42nd  St.,  New  York.  17,  N.  Y. 
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CORNISH  WIRE  CO.,  k 

15  Park  Row  •  New  York  City,  1 


NEW  PRODUCTS  (continutd) 

a  steel  cabinet  21  x  15i  x  10 
inches. 


Gas  Observing  Unit  (3H) 

Gow-Mac  Instrument  Co.,  22  Law¬ 
rence  St.,  Newark  5,  N.  J.  The  new 
thermal  conductivity  unit  provides 
an  accurate  and  inexpensive  means 
for  observation,  analysis  and  test¬ 


ing  of  gases.  It  incorporates  four 
filaments  assembled  in  appropriate 
chambers  and  wired  in  a  balanced 
bridge  arrangement.  Compact  in 
size,  the  unit  is  specially  con¬ 
structed  for  high  sensitivity,  long 
life  and  stabliity. 


Improved  Headset  (39) 

Telex,  Inc.,  1370  Northwestern 
Bank  Bldg.,  Minneapolis  2,  Minn. 
The  Monoset  has  recently  been  im¬ 
proved  by  the  addition  of  a  volume 


Courtesy  HUKIEY  Mochine  Division,  molcers  of  GtAOIRONS 


WHY  ARE  CORNISH  WIRE  PRODUCTS  SPECIFIED  BY  THIS 
LARGE  MANUFACTURER  OF  IRONING  MACHINES? 


Because  their  ENGINEERING  Department  knows  by  test  that 
they  will  give  faithful  and  enduring  performance  .  .  . 

Because  their  PRODUCTION  Department  finds  that  they 
have  those  qualities  essential  for  quick  installation  on 
their  assembly  line  .  .  . 

Because  their  PURCHASING  Department  realizes  that  these 
Quality  Products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  .  .  . 


control.  The  lightweight  under¬ 
chin  construction  of  the  headset 
makes  it  easy  to  wear  for  long  pe¬ 
riods. 


Voll-Ohm-Milliamnieter  (40) 

Precision  Apparatus  Co.,  Inc.,  92* 
27  Horace  Harding  Blvd.,  Elm- 
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AIRCRAFT 


A^ictured  here  is  a  tuning-fprk  itcif-zrcy  d  t.  ::± 

accuracy  guaranteed  to  ony'  part  rriijifri'ii  per  degne 
Centigrade.  The  fork  is  temperarurf  cc-jiippnsated/and 
hermetically  senkd  against  varfatioris  of  baroirf rrre  pres¬ 
sure.  This  standard,  whv£i  romfoinrd  with  basic  enuipment, 
facilitates  grri  rare  speed  apd  time  fcuitrol  by  rr-: 
electrical,  acouv^iVal  or  optical  mc’ps.  /  / 

The  unit  is  av.  iUhts  separately  or  in  conjunction  yvi-i 
complete  timing  instfuni«  n^  Our  erg’r  -  's  are  rccuy  to 

cooperation  any  pro' 


RADIO-MUSIC  CORPORATIOIS 

EAST  PORT  C  HESTER  •  C  OXX. 


NEW  PRODUCTS 


hurst,  L.  I.,  N.  Y.  The  series  858 
pushbutton  meter  has  a  resistance 
of  20,000  ohms  per  volt  and  ranges 
including  6,000  volts,  600  megohms, 
12  amperes,  70  db  and  60  microam¬ 
peres.  The  model  858-P  illustrated 
has  a  hardwood  case  with  hinged 
cover  for  portable  use.  Laboratory 
users  may  prefer  the  model  858-L. 


Carrier  Systems  (41) 

F.  W.  Lynch  Co.,  San  Francisco, 
Calif.  Rack-mounted,  multichannel 
carrier  telephone  equipment  can  be 


mssuti  .  gives  less  wear  on  retard , . . 

lighter  impact  of  stylus . . .  and 
improves  a  welUiaown  tone  quality 

It's  the  low  mechanical  impedance  designed  into 
H|||^7  the  improved  PARA-FLUX  .  .  .  the  special  refined 

metals  and  other  components  now  obtainable  .  .  . 
enable  reducing  the  record  pressure  of  all 
^  R-MC  Reproducer  Heads  from  35  grams  to  22 

fS  J?*  grams.  And  all  three  types:  Vertical  only.  Lateral 

only,  and  Universal  maintain  the  correct  weight  for 
permitting  the  pressure  of  22  grams  on  the  record. 
From  our  knowledge,  we  believe  that  PARA-FLUX 
cL :  .  Vertical  only  and  Universal  are  the  only  heads 

Poro-Fiux  t.prod«c.r  with  In-  obtainable  today,  which  operate  on  commercial 

urchangMbi*  H*odii  scrvice  at  a  pressure  of  22  grams.  This  improved 

La"»«ra7oniy*.‘. .  feature  means  less  wear  on  records,  and  lighter 

vertical  only  impact  of  stylus  when  inadvertently  dropped. 

R-MC  engineering  skill  applied  to  reproducer  design  gives  all  the  ad¬ 
vantages  that  discriminating  users  demand:  More  realistic  reproduction  of 
transcriptions  ...  a  reproducer  of  precision-build,  sturdy  construction,  with 
finest  materials  obtainable  .  .  .  embodying  up-to-the-minute  features,  in¬ 
cluding  convenient  finger  lift  for  preventing  slipping  of  Reproducer  when  lifted 
off  record.  A  highly  polished  aluminum  alloy  center-piece  of  tone  arm  and 
head  enhances  the  attractive  design  of  Reproducer. 

This  new  lightweight  Head,  either  Vertical  only.  Lateral  only,  or  Universal, 
functions  correctly  with  all  R-MC  Tone  Arms  now  in  service.  Therefore  it  is  not 
necessary  to  change  arm  in  service  when  ordering  the  new  Head. 

Whenever  you  may  need  a  new  PARA-FLUX  Head,  your  R-MC  Jobber  will 
supply  you  with  the  new  lightweight  head  . .  .  immediately  ...  in  exchange  for 
your  old  one,  in  accordance  with  our  standard  replacement  policy  and 
exchange  price. 

Available  through  authorized  jobbers.  Illustrated  BuHetirt  R-6  on  request. 


used  to  expand  present  wire  tele¬ 
phone  facilities  of  industrial  and 
railroad  users.  With  repeaters,  op¬ 
eration  of  over  1,000  miles  is  feas¬ 
ible. 


Dual  Capacitor  (42) 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  The  type 
BRL-2215SS  dual  20-microfarad 
capacitor  is  equipped  with  two  leads 
for  each  unit  making  the  compo¬ 
nent  more  versatile  than  the  con- 
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general  control 

BUILDS 


Oeneral  Control  Company  announces  a  new  feature  for  its 
Model  MCM  "Midget"  lever  switches — a  feature  which 
i  makes  possible  true  custom-bui/f  switches  from  standard 
\  parts.  By  means  of  small,  stainless  steel  inserts,  shown 
\  above,  the  MCM  "Midget”  can  be  provided  with  a  wide 
\  variety  of  detent  actions  to  meet  the  most  exacting  re* 
\  quirements.  Light  or  heavy  action,  two  or  three  positions, 
\  locking  or  non-locking  and  special  intermediate  stops — 
\  all  are  possible  with  this  versatile  detent  mechanism. 

\  The  inserts  are  riveted  in  permanently  at  the  factory. 

\  They  preserve  the  original  "feel"  of  the  switch 
\  throughout  its  life — tests  show  negligible  wear  after 
\  1,000,000  operations ! 

\  Write  for  details  on  the  complete  line  of  General 
\  Control  lever  switches,  or,  better  yet,  send  us  your 
\  switching  requirements  and  take  advantage  of 
\  our  engineering  service. 

_r-i  ♦PATWT  NO.  2,411,086 


OTHER  MCM  FEATURES  I 

★  Single  hole  mounting  for  easy  I 

panel  fabrication.  f 

'k  Removable  contact  assembly  I  p 
for  easy  wiring.  / MCM 

★  Light  weight — 3)^  OZ.  with  f  Waterproof  Handle 

12  contact  blades.  I 

★  Small  size — depth  behind  f 

panel  only  2^^  Inches.  f  | 

★  High  capacity — 5  amperes  I 
non-inductiveatll5voltsAC.  f 

Hr  High  dielectric  strength —  I 
tested  at  2500  volts  AC  f 
to  ground.  f 

★  Versatility:  Can  be  sup-  /  ***** 

plied  with  angle  mounting  I  Actuoief) 

bracket  when  space  be-  I 

hind  panel  is  limited,  f 
Rotary  actuator  avail*  f 
able.  Waterproof  han.  f 
dleassemblyformarine  I 
oraircraftapplications.  f 


GENERAL  CONTROL  COMPANY 


MODEL 

MCM 


WITH  PATENTED* 
DETENT  INSERTS 


1202  SOLDIERS  FIELD  ROAD,  BOSTON  34,  MASSACHUSETTS 


With  Angl*  Mounting 
Bracket 
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Mill«n  Manufacturing  ComMny.  The  origi¬ 
nal  modal  was  daacrtbad  in  G.E.  Ham  Nawa, 
Norambar-Dacambar,  1946.  Tha  I^o.  92101 
it  aatramaly  compact,  tha  caaa  maaauring 
only  6H"  X  x  3".  Tha  band  changing 

inductor  unit  ^uga  into  tha  opening  in  tha 
front  of  tha  panal.  ^ug  ia  provided  for  aa- 
curing  power  raquiramanta  for  tha  OAKS 


are  fumiahad  for  tha  antMina  and  racaivar 
coonactiona. 


JAMES  MILLEN 
MEG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


ifeni 

lifie 


:  impa 
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(continutd) 
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NEW  PRODUCTS 


ventional  type.  The  capacitor  has 
a  working-voltage  rating  of  150 
volts  and  measures  if  inch  in  di¬ 
ameter  and  21  inches  long. 


Oscillograph  Power  Pack  (43) 

Allen  B.  Du  Mont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 
The  type  263-A  high-voltage  power 
supply  comprises  an  r-f  oscillator, 
step-up  transformer,  half-wave  rec¬ 
tifier,  filter  and  metering  system. 


'  -  OH  voLT*f-c  pcv»;t*jumy  ^ 


'  Continuously  variable  from  5,000  to 
I  10,000  volts  with  loads  up  to  200 
!  microamperes  the  equipment  can  be 
:  used  to  modernize  cathode-ray  oscil- 
!  lographs  for  high-writing  rates. 


R-F  Exciter  (44) 

Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  Three  new  r-f  exciter  units 


FOR  HIGH  FIDELITY 
AT  LOW  COSTI 

-the  UNIVERSITY 
TWEETER 


DUAL 

TWEETER  UNIT 


The  reproduction  of  music  and  voice 
with  breath-taking  realism,  is  now 
possible  with  the  new  UNIVERSITY 
Dual  Tweeter.  Used  in  conjunction 
with  any  standard  12"  cone  speaker 
in  FM  and  AM  radio  equipment  and 
wide  range  phonograph  amplifiers,  it 
adds  the  brilliant  “highs”  so  fre¬ 
quently  carried  through  all  stages  of 
amplification,  only  to  be  lost  in  the 
bottleneck  of  a  single  unit  repro¬ 
ducer.  Frequency  response  is  2,000 
to  15,000  cycles.  The  die-cast  dual 
horn  design  offers  wider  dispersion 
angle  than  the  conventional  single 
cellular  horn— horizontal  distribution 
is  100®,  vertical  distribution  50°.  A 
high  pass  filter  with  auxiliary  high 
frequency  volume  control,  permits 
easy  connection  by  merely  attaching 
two  wires  to  the  existing  speaker. 
Compact  dimensions  require  a 
mounting  space  only  high  x  9 V2" 
wide.  Power  handling  capacity  of  the 
dual  unit  is  16  watts.  For  complete 
information  write  today  to  UNI¬ 
VERSITY  LOUDSPEAKERS,  INC. 
225  Varick  St.,  New  York  14,  N  .  Y. 


CABINET  MODEL  CONTAINS 
DUAL  TWEETER  UNIT 


SINGLE  UNIT 
TWEETER 
ONLY 
DIAMETER 


CLUSTERED  TWEETERS 
FOR  WIDE  VERTICAL  AND 
HORIZONTAL  DISPERSION 


If  you  manufactured 


You  can  save  3  WAYS  with... 
Essex  "Packaged"  Wiring  Harness 

I.  ENGINEERING 

2.  FIRST  COST 

3.  INSTALLATION 


Scores  of  manufacturers  have 
found  that  they  save  ime,  trouble  and  money  by 
turning  their  electrical  wiring  harness  problems 
over  to  Essex  specialists. 

Essex  One-Source  service  handles  the  intricate  job 
of  producing  lighting,  ignition  and  control  har¬ 
ness  assemblies  custom-built  to  your  exact  specifi¬ 
cations  and  complete  with  all  manual  and  electrical 
control  devices  for  quick,  eflicient  installation. 

Through  intensive  specialization  in  wiring  harness 
assemblies,  Essex  has  developed  line  production 
methods  of  manufacturing,  assembly  and  inspec¬ 
tion,  for  the  economical  production  of  high  grade, 
individually  tested,  specially  engineered  assemblies. 

Investigate  Essex  ''One-Source''  service  today! 


Trucks  and  Trailers 


lEipjjgJlgJCfclCZlElElg  jd 

Busses  and  Trackless  Trolleys 


Industrial  Electric  Trucks 


Tractors 


Aircraft 


ESSEX  WIRE  CORPORATION  FORT  WAYNE  6,  INDIANA 


Plants:  Fort  Wayne,  Indiana;  Detroit.  Anaheim,  Califotnia 

Warehouses*  and  Sales  Offices:  'Atlanta,  Georgia;  Mass.;  'Chicago.  III.;  Cleveland, 

Ohio;  Dallas,  Texas;  Dayton,  Ohio;  'Detroit,  Mich.;^Vnsas  City,  Mo.;  *Los  Angeles.  Calif. 
Milmaukee.  VC’isc.;  'Newatk.  N.  J.;  Philadelphia,  Pa  Louis,  Mo.;  *San  Francisco,  Calif. 
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Type 


3KW 
Type  5530 


SEND  FOI 
ARIOIIIST  OF 
OVER  WOO  SIZES 

lists  graol  variety  of 
stock  arbors,  inelvdos 
many  odd  sizos.Writo 
for  Arbor  List  today. 

Intido  Porlmolort 
from  .592*  to  19.0’ 


•  This  is  typical  of  the  wide  use  of  PARAMOUNT 
paper  tubes  by  leading  manufacturers  of  electrical, 
radio  and  electronic  products.  With  over  15  years 
of  specialized  experience,  PARAMOUNT  can  pro¬ 
duce  exactly  ihe  shape  and  size  tubes  you  need  for 
coil  forms  or  other  uses.  Square,  rectangular,  or 
round.  Hi-Dielectric,  Hi-Strength,  Kraft,  Fish  Paper, 
Red  Rope,  or  any  combination,  wound  on  auto¬ 
matic  machines.  Tolerances  plus  or  minus  .002  *. 
Made  to  your  specifications  or  engineered  for  you. 


Amplifier  Units  (47) 

Fairchild  Camera  and  Instru¬ 
ment  CORP.,  88-06  Van  Wyck  Blvd., 
Jamaica  1,  N.  Y.  The  Unitized  Am- 


*Division  of  Bondix  Aviotion  Corporation 
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Ribbon  Microphone  (46) 


Amperite  Co.,  561  Broadway,  New 
York  12,  N.  Y.  A  new  ribbon  micro¬ 
phone  has  a  frequency  range  from 
40  to  14,000  cycles  within  plus  or 
minus  3  db.  Pickup  angle  front  and 
rear  is  120  degrees.  Standard  equip¬ 
ment  includes  switch,  25-foot  cable 
and  plug. 


NEW  PRODUCTS  (confinuod) 

for  radio  amateurs  are  now  in  pro¬ 
duction.  The  type  310C-1  and 
310C-2  units  serve  as  variable-fre¬ 
quency  oscillators,  while  the  lOB 
exciter  illustrated  has  an  output  of 
15  watts.  Calibration  is  directly  in 
frequency  and  is  accurate  within 
0.015  percent.  Frequencies  between 
3.2  and  -4.0  me  and  those  in  har¬ 
monic  relation  up  to  the  range  25.6 
to  32  ihc  are  available. 


Aircraft  Antenna  Wire  (45) 

Federal  Telephone  and  Radio 
CoRP.,  Clifton,  N.  J.  An  insulated 
aircraft  antenna  wire  that  largely 
overcomes  sbme  of  the  undesirable 


Western  Etectric 

FORCED  AIR  COOLED  FM 
transmitting  TRIODES 


effects  of  precipitation  static  in  air¬ 
craft  communication  is  designated 
Intelin  K-1064.  A  copperweld  wire 
is  covered  with  an  insulating  jacket 
of  polyethylene,  that  helps  to  limit 
corona  discharge. 


"“•“^GraybaR 

BROADCAST  REPRESENTATTVB 


Their  filaments  are  of  thoriated  tungsten  —  most  efiRcient 
emitter  for  power  tubes  of  these  ratings.  Their  brazed  and 
welded  metallic  joints,  Kovar-to-glass  seals,  protected  metallic 
vacuum  ''seal-off,'*  and  self-supporting  filament  structure  all 
contribute  to  long,  dependable  service.  Their  terminal  arrange¬ 
ments  permit  greatest  flexibility  of  application.  For  full  details, 
write  to  Graybar  Electric  Company,  420  Lexington  Avenue, 
New  York  17,  N.  Y.,  or  .  .  . 


PARAMOUNT  PAPER  TUBE  CORP. 

616  LAFAYETTE  ST.,  FORT  WAYNE  2,  INDIANA 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 


RANOtS 

OHw  per  Volt. 

to  D.CVoll$t«5,00«  •'«■•“ 
OlMS  per  Volt. 

Sb(  IC.  Volts  to  5,000  at  10.000 
OtaK  pef  Volt. 

StoTU  «»9«=  «•“  •*"" 

«,««».  MO  »«««. 

ItoM  KbW»“  0-1000-100.00 
04  Meootas. 

Sto»,dW«»KI« 


High  Ohms— Minor  Scale —Thirty-Nine  Ranges 

//te  fL/itun,  3^ti€le  €M 


The  new  Model  625NA,  with  39  ranges  and  many  needed  for  general  servicing,  plus  Television  and 

added  features,  is  the  widest  range  tester  of  its  FM.  And  with  10,000  ohms  per  volt  A.  C.  you  can 

type.  Note  the  long  mirror  scale  on  the  large  6'  check  many  audio  and  high  impedance  circuits 

meter  for  easier  more  accurate  reading.  Resistance  where  a  Vacuum  Tube  Volt  meter  is  ordinarily 

ranges  to  40  megohms  give  you  all  the  ranges  required.  A  proven  super-service  instrument. 

Write  for  details  today  about  Model  625NA  and  the  many  other 

new  Triplett  testers.  Address  Dept.  E97  / 


Triplett 


ELECTRICAL  INSTRIMENT  CO 


BLLFFTON,  OHIO 
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MVIPON 

eAR5 


t»ANY  INC 


T«l*phon*: 


VIBROMASTER  TYPE  K 
PROFESSIONAL  ARM 


NEW  PRODUCTS  '  (continuad) 

plifier  System  consists  of  12  units, 
several  of  which  are '  currently  in 
production.  These  units  are  de¬ 
signed  to  fit  together  in  a  variety 
of  ways  so  as  to  serve  the  needs  of 
the  sound  recording  industry.  The 
620  power  amplifier  illustrated  and 
the  621  microphone  preamplifier  are 
representative  of  the  line,  with  es¬ 
sentially  flat  response  from  30  to 
15,000  cycles,  low  noise  level,  and 
distortion  of  less  than  5  percent  at 
full  output. 


TRACING  CLOTH 


HARD  PENCILS 


for  General  Electric  Variable  | 
Reluctance  Pick-ups  Or  fhe  New 
Pickering  170M  Cartridge 

Resonance  characteristic  Oat  plus  or  minus 
Vi  Db  40  to  1000  cycles  (measu.ed  in  10 
cycles  steps  throughout  resonant  range). 

22  groms  pressure  when  used  with  General 
Electric  variable  reluctance  cartridge. 

Flotwise  bearing  coil  spring  mointoins  pres¬ 
sure  even  under  obnormai  ombient  changes. 
'Morning  After"  handle  prevents  record 
domage  when  cueing.  PicLup  heod  will  not 
move  until  entire  weight  'S  lilted. 

Metal  beoring  race  so  constructed  that  bear¬ 
ing  pin  actually  floats  free. 

Universal  "One-hole  '  mount  permits  instal¬ 
lation  in  any  turntable,  with  hoirline  height 
adjustment. 

Permonent  stop  prevents  overswing  to  injure 
connections.  Internal  loop  prevents  domoge. 
For  any  lateral  recording  up  to  and  includ¬ 
ing  16  inch,  78  or  33Vj  fpm.. 

Arm  will  not  ‘  walk  even  on  30  cycle 
modulo  ted  grooves. 

Precision  made  ond  individuoMy  serial  num¬ 
bered  for  constant  reference. 

Finish  is  brushed  aluminum  ond  block  to 
motch  ony  existing  turntoble 
Tests  indicate  that  in  conjunction  with  a  nor¬ 
mal  General  Electric  Cartridge  ond  a  good 
equolizer,  overall  response  will  be  exactly 
as  the  record  is  cut.  The  pick-up  orm  will 
rreither  introduce  nor  omplify  lateral  distor¬ 
tion  ond  has  no  self-vibration. 

PRICE  .  net  less  cartridge  S34.50 

GENERAL  ELECTRIC  CARTRIDGE.  $  4.77 

,  PICKERING  CARTRIDGE  . $15-00 

GENERAL  ELECTRIC  SPX-001 

PRE  AMPLIFIER . $  5.95 

GE  Electronic  Switch,  Type  YE-9.  This  in¬ 
strument  was  designed  for  special  electricol 
studies  of  wove-form,  phose,  frequency  re¬ 
lationship,  etc.  It  will  show  the  simultoneous 
observation,  for  comparison,  of  two  or  more 
Independent  signals  on  the  screen  of  o- cath¬ 
ode-tube  oscilloscope.  $59.95 

Note:  All  prices  are  Net,  f.O.B. 
N.YX.  are  subject  to  change 

¥¥ifhput  notice. 


LO.  3-1800 


103  WMt  43rd  S».,  New  York  18,  N.  Y. 


Wire  Recorder' 

Mechanism  (48) 

Webster-Chicago  Corp.,  5610 
Bloomingdale  Ave.,  Chicago  39,  Ill. 
The  model  79  mechanism  operates 
from  socket  power  and  records  at  2 
feet  a  second,  rewinding  at  seven 


times  that  speed.  A  standard  spool 
permits  continuous  recording  for  an 
hour.  Shorter  lengths  are  also  avail¬ 
able.  The  basic  unit  can  be  used  by 
amateurs  or  experimenters. 


Miniature  Pentode  Power 
Amplifier  (49) 

Hytron  Radio  and  Electronics 
Corp.,  Salem,  Mass.  The  type  6AR5 
tube  is  a  miniature  version  of  the 
type  6K6GT.  It  will  be  found  useful 
in  applications  where  low  heater 
j  power  and  low  plate  current  drain 
j  are  important  considerations.  The 
I  lower  heat  dissipation  makes  the 


•  Imperial  Pencil  Tracing  Cloth  has  the 
same  superbly  uniform  cloth  foundation 
and  transparency  as  the  world  famous 
Imperial  Tracing  Cloth.  But  it  is  distin¬ 
guished  by  its  special  dull  drawing  sur¬ 
face,  on  which  hard  pencils  can  be  used, 
giving  clean,  sharp,  opaque,  non-smudg¬ 
ing  lines. 

Erasures  are  made  easily,  without  dam¬ 
age.  It  gives  sharp,  contrasting  prints  of 
the  finest  lines.  It  resists  the  effects  of 
time  and  wear,  and  does  not  become 
brittle  or  opaque. 

Imperial  Pencil  Tracing  Cloth  is  right 
for  ink  drawings  as  well. 


IMPERIAL 

PENCIL 

TRACING 

CLOTH 


SOU)  BY  LEADING  STATIONERY  AND 
DRAWING  MATERIAL  DEAIRRS  EVBtYWHRE. 


Sepftmbtr,  1947  —  ELECTRONICS 


ELECTRONIC 


EQUIPMENT 


BARGAINS 


WHOLESA1.ERS 

MANUFACTO^ 


LOS  ANGELES.  CALIF. 
CateinstrHiiMfltCo. 

13I0S.0r*i<<l  Avt.  - 
HeffnMii  RtdioCofp 
3;«  S.  NUISt. 

NEWARK.  N.J. 

NitiQ«»l  Uaion  Ridio  C«p. 

»  Slip  St. 

StaamG^ctiifus  Cwp. 

Wimn  Iht*. 

Tung  Sol  Lamp  Works,  Inc. 

95— mtiAim.  - 
NFW  ORLEANS.  LA. 

Soritlwrn  Eloctronlc  Co. 

512  St.  CiwfiM  St 
NEW  YORK.  N.V. 

Carr  Industrios,  Inc. 

12S9  Atlantic  A«o..  B'kivn. 
Electronic  Carp,  oi  Amorka 
353  W.  Ann  St. 

Emarson  Radio  A  Phonograph  Corp. 

75 — Aim.  . 

Gonoral  Eloctronici,  Inc.  *- 
~  1819  Broadway 

Hammarlund  Mlg.  Co.,  Inc. 

460  W.  34th  St. 
iohanns  A  Koogan  Co.,  Inc. 

62  Pearl  SI. 

y#*  Newark  Electric  Co.,  Inc. 

242  W.  55lh  St. 

Smith- Maakor  Enginooring  Co. 

125  Barclay  St. 

NORFOLK.  VA. 

Radio  Parts  Dhtriboting  Co. 

128  W.  Olooy  Road 
ROCHESTER.  N.  V. 

W .  A  H .  Aviatien  Corp. 

Municipal  Airport 
SALEM.  MASS. 

Hytron  Radio  A  Electronics  Corp. 

76  LaFayottoSt. 

SCHENECTADY.  N  Y. 

Gonoral  Electric  Co. 

Bldg.  267,  1  River  Road 
WASECA.  MINN. 

E.  F. Johnson  Co. 

206  2ndAvo..S.  W. 


Large  inventories  of  valuable  electronic  tubes, 
devices  and  equipment  are  being  offered  by  the 
WAA  Approved  Distributors  listed  herewith 
for  your  convenience.  Alert  commercial  buyers 
are  taking  advantage  of  this  big  bargain  oppor¬ 
tunity.  Why  not  fill  your  present  and  fiimre  re¬ 
quirements  from  these  available  stocks.  Act 
now— while  inventories  still  permit  wide  se¬ 
lection. 

Purchase  of  this  surplus  equipment  has  been 
greatly  simplified.  The  Approved  Distributors 
appointed  by  WAA  were  selected  on  a  basis  of 
their  technical  background  and  their  ability  to 
serve  you  intelligently  and  efficiently.  Write, 
phone  or  visit  your  nearest  Approved  Distribu¬ 
tor  for  information  concerning  inventories, 
prices  and  delivery  arrangements.  You’ll  find 
you  can  "Save  with  Surplus.” 


BOSTON.  MASS.  , 

Automatic  Radio  Mfg.  Co.,  lac 
122  Brookline  Avo. 

Technical  Apparatus  Co. 

165  Washington  St. 

BUCHANAN,  MICH. 

Eloctro-Voko,  Inc. 

Carroll  A  Cecil  Sts. 

CANTON,  MASS. 

Tobo  Mutschmann  Carp 
863  Washington  St. 

CHICAGO.  ILL. 

Amorican  Condenser  Co. 

4410  N.  Ravonswood  Avo. 
Balmont  Radio  Corp. 

36U  S.  Racine  Ava. 

EMPORIUM  PENNA. 

Sylvania  Electric  Products,  Inc. 
FORT  WAYNE  I  NO. 

Esses  Wire  Corp. 

1601  Wall  St. 

HOUSTON,  TEXAS 
Navigation  Instrument  Co.,  Inc. 

P.  0.  Box  7001,  Heights  Station 


NEW  mODUCTS  (coiitlnu«d) 

new  tube  desirable  for  compact 
equipment.  Details  are  given  in 
Bulletin  E  129. 


Latching  Relay  (50) 

Sigma  Instruments,  70  CJeylon  St., 
Boston,  Mass.  The  type  6FZ2A2B 
relay  is  a  multicircuit  device  that 
remains  latched  after  initial  opera¬ 
tion  until  it  is  desired  to  release  the 


SHEAR 


/ 


mechanism.  The  coils  are  wound 
for  d-c  operation  and  can  be  sup¬ 
plied  in  various  resistance  values  up 
to  10,000  ohms.  In  one  type  of  serv¬ 
ice,  a  relay  can  be  adjusted  to  trip 
from  the  60-volt  charge  on  a  0.25- 
microfarad  capacitor. 


321  Eighth  Avenu* 


Frequency  Shift 
Telegraph  (51) 

Ergo  Radio  Laboratories,  Inc., 
Garden  City,  N.  Y.  Frequency  shift 
telegraph  equipment  is  built  in 
three  units.  The  type  177-T  exciter 


Magic  Wand  Aerials  for  FM  and  tele* 
vision  offer  electrical  efficiency  pos¬ 
sible  only  through  the  enthusiastic 
teainawjoiit  of  Ward’s  top-drawer  ex¬ 
perimental  laboratory,  and  produc¬ 
tion  facilities. 

As  the  world's  largest  producer  of 
aerials  for  car  and  home,  Ward  also 
is  pioneering  in  educating  35  million 
present,  and  prospeaive,  FM  and 
television  receiver  owners  that  a  good 
outdoor  dipole  antenna  is  necessary 
if  quality  reception  is  to  be  enjoyed. 
Watch  for  our  hard-hitting  ads  in  the 
Saturday  Evening  Post  and  leading 
newspapers. 

In  addition  to  developing  outstanding 
FM,  television  and  automotive  aeri¬ 
als,  Ward  also  has  design  and  produc¬ 
tion  capacity  available  to  take  care 
of  special  aerial  needs.  Submit  your 
aerial  problems  tc  us  now  for  an 
efficient,  and  economical,  solutioQ. 


for  keying  transmitters  illustrated 
is  crystal  controlled  with  provision 
for  3  frequencies.  Mark  and  space 
frequencies  are  both  adjustable. 
The  type  216-S  keyer-converter  and 
type  87-R  receiver  complete  the 
equipment  necessary  for  a  circuit. 


THE  WARD  PRODUCTS  CORP. 

1 523  E.  4Slh  Str«»t,  Clcvaiomi  3,  O. 
Diviticn  of  The  Gabriel  Company 
^  EXaO«T  DEPT. ,  C.  W.  Erondas,  Mar., 
4200  Ettclid  Av*.,  Ctavelond  3.  O. 
IN  CANAOAi  Atio*  fiodio  Carp., 
560  Kina  Sf.,  W.,  Toronto,  Onf. 


Outdoor  Microphone  (52) 

St.  Louis  Microphone  Co.,  Inc., 
2726  Brentwood  Blvd.,  St.  Louis  17, 
Missouri.  The  Outdoor  Rugged  Dy¬ 
namic  Microphone  has  been  built 
specifically  to  weather  outdoor  serv- 
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Now  AvalaUe- 

A  Une  of  PlASTKOir  BIASSMKE 


RF  Transnitliiie  Capacitors 


(actual  size) 


Superior  to  mica  eapacitots  because: 

•  Greater  safety  factor 

(3500  YDC  Operating:  7500  YDC  Test) 

•  Lower  RF  losses 

(See  current  rating  below) 

•  More  conveniently  mounted 

•  Less  chassis  space 

•  Smaller  overall  volume 

•  Impervious  to  moisture 

(The  GLASSMIKE  construction  is  100% 
sealed) 

•  Silicone-fluid  Ailed 


Tlie  above  advantages  ore  possible  by  the  use  of  the 
Type  L  film  dielectric  wliich  has  lower  losses  than  mica. 

•  •  • 

TYPE  LSG  —  PUISTICON*  GLASSMIKES 
3500  VDC  Operating  —  7500  VDC  Test 


Cat.  No. 

Cap. 

M(d. 

Dimensions 

OD  Length 

Current  Rating  in  RT  Amperes 

List 

Price 

100  Kc 

300  Kc 

1  Me 

3  Me 

LSG500 . 

.00005 

19/32M-3  16' 

.02 

.05 

.16 

.47 

$1.50 

LSG101 . 

.0001 

19/32'x1-3/16' 

.03 

.09 

.31 

.94 

1.50 

LSG251 . 

.00025 

19/32'x1-3/16*' 

.05 

.25 

.5 

2.2 

1.50 

LSG501 . 

.0005 

19/32'x1-3/16' 

.15 

■5 

1.6 

3.0 

1.50 

LSG102 . 

.001 

19/32M-9/16' 

.31 

.94 

2.5 

4.5 

1.70 

LSG202 . 

.002 

3/4'  xl-9/16' 

.62 

1.9 

4.5 

7.0 

2.45 

LSG502 . 

.005 

3/4'  xl-3/4' 

1.6 

3.1 

6.0 

7.0 

3.50 

LSG602 . 

.006 

29/32'x1-9/16 

1.9 

3.5 

6.2 

7.0 

3.75 

LSG103 . 

.01 

29/32'x1-3/4' 

3.1 

5.0 

7.0 

7.0 

4.25 

I  *PLASTICONS— Plastic  Film  Dialectrie  Capacitors 

Cotuienser  Produeis  Companff 


137S  NORTH  BRANCH  STRICT  •  CHICAGO  27,  ILLINOIS 
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BRADLEY 

LABORATORIES,  INC 


82  Meadow  St.  New  Haven  10,  Conn 


NEW  PRODUCTS 


(continued) 


NOW- 
A  QUALITY 
2-KW  INDUCTION 
HEATING  UNIT 


ive  and  mechanical  jarring.  Range 
of  the  microphone  is  40  to  9,000 
cycles  and  a  variable-impedance  out¬ 
put  provides  low  to  high  adjust¬ 
ments,  including  200  and  500  ohms. 


/  INSTRUMENT  RECTITIERS 
I  FOR  BETTER  A.C.  SCALE 


Moisture  Meter  (53) 

C.  J.  Patterson  Co.,  3947  Broad¬ 
way,  Kansas  City,  Missouri.  The 
direct-reading  electronic  moisture 


Vacuum-processed,  gold- 
coated,  full-wave  bridge, 
Bradley  instrument  rectifi¬ 
ers  allow  more  accurate 
determination  of  very  low 
A.C.  current.  Especially  de¬ 
signed  for  use  where  sta¬ 
bility  and  permanence  of 
calibration  are  important, 
''Coprox"  rectifiers  meet 
the  most  exacting  require¬ 
ments.  Yet  they  cost  no 
more  than  ordinary  recti¬ 
fiers  —  in  most  cases,  less. 

Temperature  error  is  ex¬ 
ceptionally  low  with  Brad¬ 
ley  rectifiers.  Aging  is 
practically  nil.  Shown 
above,  CX2E4F  rated  up 
to  4.5  volts  A.C.,  3  volts 
and  5  milliamperes  D.C. 


Never  before  e  value  like  this  new 
2-KW  bench  model  "Bombarder"  or 
high  frequency  induction  heater  .  .  .  for 
saving  time  and  money  in  surface  hard¬ 
ening,  brazing,  soldering,  annealing  and 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  .  . 
Economical  Standardization  of 
Unit  Makes  This  New  Low  Price 
Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efficiency. 
Operates  from  1 10-volt  line.  Complete 
with  foot  switch  and  one  heating  coil 
made  to  customer's  requirements.  Send 
samples  of  work  wanted.  We  will  ad¬ 
vise  time  cycle  required  for  your  par¬ 
ticular  job.  Cost,  complete,  only  $650. 
Immediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  I  -3-5-71/2- 1 0- 1 2I/2- 1 5- 1 8-25-40-60- 
80-100-250-KW.  —  and  range  of  fre¬ 
quency  up  to  300  Megs,  depending  on 
power  required. 


meter  is  applicable  to  any  solid,  liq¬ 
uid,  granular,  or  powdered  material. 
Automatic  in  action,  it  reports  the 
percentage  moisture  in  fifteen  sec¬ 
onds. 


Interval  Timer  (54) 

Maritime  Quality  Hardware  Co., 
Inc.,  Belfast,  Maine.  The  motor- 
driven  timer  illustrated  can  be  used 
for  any  program  or  interval  with  a 
range  from  a  five-minute  cycle  to 
twenty-four  hours.  It  has  four 
separate  circuits  that  can  be  con- 


y  '■ 

Illvstrated  literature, 
available  on  request, 
shows  more  models  of 
copper  oxide  rectifim's, 
plus  a  line  of  sedenium 
rectifiers  and  photocells. 
Write  for  "The  Bradley 


S"  CORRUCATED  QUENCHED  GAP  CO 

107  Monroe  Sf.,  Garfield,  N.  J. 
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6201  BARBERTON  AVENUE  CU 

PRODUCTION  PLANTS  oUo  ot  PlymoutK,  Wtic  ,  Ogdentburg.  N  Y  ,  Ck«cogo.  HI .  Detroit,  W 
PLASTICS  DIVISIONS  of  Plymouth,  W;«c ,  Ogdontbuag,  N  Y  •  ABRASIVE  DIVtSlQi 
New  York  Solei  Office— 1186  Broodwoy,  Room  223 
IN  Canada  — The  Clevelond  Coetoioer  Conodo  Ltd  .  Pre\coit,  O‘'*ori 


PUNCHED  COSMALlTE 

COIL  FORMS  FOR.. 


RECEIVERS 


A  new  and  further  step  in  the  ever 
increasing  use  of  these  spirally  lami¬ 
nated  paper  base,  Phenolic  Tubes. 
Performance  based  upon  approxi¬ 
mately  seven  years  of  research. 


DEFLECTION 
COIL  CORE 


Other  Cosmalite  Types 

#96  COSMALITE  for  coil  forms  in  all 
standard  broadcast  receiving  sets. 

SLF  COSMALITE  for  Permeability  Tuners. 


SHELL 


Spirally*  wound  kraft  and  fish  paper 
Coil  Forms  and  Condenser  Tubes. 


DEFLECTION  COIL 
TERMINAL  RING 


Attractive  prices.  Fast  deliveries. 
Inquiries  given  specialized  attention 


RETAINING  RING 


HALF  SHELL 


•  Trad*  Mark  R*siat*r*d. 


SIGMA  3  POSITION  OUTPUT  RELAY 


CONTROL  SYSTEMS 

AND 

SERVOMECHANISMS 


501  •  MINIATURE 

Selenium  Rectifier 


NEW  PItODUCTS  (continued) 

trolled  on  and  off  witlj  any  commer- 
cial  accuracy  desired.  When  used 
on  115- volt  circuits  each  set  of  con¬ 
tacts  will  carry  a  maximum  of  5g 
amperes. 


Automatic  Voltage 
Regulator  *  (55) 

Richardson-Allen  Corp.,  15  W. 
20th  St,  New  York  11,  N.  Y.  The 
model  442A  automatic  voltage  regu¬ 
lator  maintains  a  constant  d-c  out- 


Tbis  new  relay  bv  Sigma,'  already 
proven  in  months  of  de^opment  by 
innminent  manufacturers,  of  control  and 
guiding  equipment,  ovneomes  many 
shortcomings  |«eviously  inherent  in 
rday-output  control  systems. 


SIGMA  TYPE  6  FXtA  RELAY 

WaifM  •  OvMM 
(AveHeMt  ManMNcoNy  S««M.) 


4.  Polarixea  ntagtintic  circa  It  Increase* 
SMea  a<  actlen  anU  tocHKete*  dltcrimlna- 
Um  as  to  pelartty  ef  enrer. 

5.  Falty  fcalancsa  meelna  system  wWhstawds 
rlfcratlen  ta  eMepUenally  high  gegree. 

g.  FlaiMe  centact  structure  (maxlnwm 
shewn  aheee)  with  substantial  lead 
handling  ability  (nemlnal  rating  S  amp 
UP  Veits  A.C.  per  centact).  • 


put  voltage  regardless  of  ampere 
load  current.  An  easily  handled 
unit,  it  is  designed  for  115-volt, 
single  phase,  50  or  60-cycle  a-c  in¬ 
put,  and  1  to  9  volt  d-c  output. 


Permanent-Magnet  Motor  (56) 

Ampex  Electric  Corp.,  1155  How¬ 
ard  Ave.,  San  Carlos,  Calif.  A  new 
line  of  permanent-magnet  motors 


Here's  the  5Q1,  the  newest  SELETRON  min¬ 
iature  selenium  rectifier— built  on  aluminum. 


•  STARTS  INSTANTLY 

•  RUNS  COOL 

•  WILL  NOT  BREAK 

•  TAKES  MOMENTARY  HEAVY  OVERLOADS 

•  BOOSTS  PERFORMANCE 

•  EASILY  INSTALLED 

•  EACH  UNIT  FACTORY  TESTED 

•  HIGH  EFFICIENCY  ASSURES  COMPACTNESS 

•  NORMALLY  LASTS  LIFETIME  OF  SH 


derived  from  wartime  experience  is 
now  available.  The  25-watt  unit 
illustrated  weighs  15  ounces.  A 
complete  range  of  speeds,  voltages, 
shaft  sizes  and  mounting-flange  de¬ 
signs  can  be  supplied. 


501  now  joins  the  family  of  SELETRON  miniature 
selenium  rectifiers  which  include  the  SP1 ,  150  mil  5-plate 
stock,  1?i6"x1'yi6"x%"  and  the  5MI,  100  mil  5-plate 
stack,  l"xl"x%". 

For  maximum  efficiency,  reliability  and  service,  specify 
SELETRON  miniature  selenium  rectifiers. 

WRITE  TODAY  FOR  FUll  INFORMATION.  ADDRESS  DEPT.  S-43. 
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Miniature  Tube  Shield  (57) 

Stayer  Mfg.  Co.,  33-21  85th  St., 
Jackson  Heights,  N.  Y.  Mini- 
Shields  come  in  three  lengths  and 
of  a  diameter  to  fit  the  smaller 


501  —  250  mil  5-plate  stack. 
1  %"xl  Maximum  AC 

input  1 30  volts  r.m.s.;  rectifier 
voltage  drop  approximately  5 
volts  r.m.s.  Recommended  in¬ 
put  filter  capacitor  80  m.f.d. 

Our  new  bulletin 
"SELETRON 
Selenium 
Rectifiers" 
will  soon  be  ofF 
the  press.  \|trite 
for  your  copy  now 


SELETRON  DIVISION 

lt.\DIO  REC  EPTOK  r0..lii<*. 


since  1933  i 
351  WEST  19th  STREET 


Radio  and  f/erfronics 

NEW  YORK  11,  N  Y. 


ANOTHER  KAY  DEVELOPMENT 


THE  MEGA-MATCH ... . 

MEASURES  REFLECTED 
ENERGY... 

GIVES  VISUAL 
DISPLAY ... 

FEATURES 

•  10  to  250  MC  and  up.  Complete  television  and 
FM  coverage. 

•  Completely  electronic.  No  slotted  lines,  mov¬ 
ing  ports,  bridges,  or  other  frequency  sensitive 
devices  such  as  directional  couplers. 

•  Precision  frequency  meter. 

•  Saves  engineering  time — Visual  display  pre¬ 
sents  instantly  data  which  would  take  hours  to 
tabulate. 

•  Can  be  adapted  for  balanced  lines. 

*  *  * 


A  BASIC 

LABORATORY 

INSTRUMENT 


COMPLETELY 

ELECTRONIC 


This  unique  instrument  pretents  a  Tisual  display  oi  REFLECTED 
energy  over  any  band  up  to  30  MC.  By  the  \ise  oi  the  MEGA* 
MATCH  it  is  possible  to  instantly  obserre  and  measure  mis¬ 
matches.  Thus  this  instrument  will  check  transmission  lines, 
antennas,  input  and  output  impedances  oi  ctmpliiiers,  conTerters, 
transiormers,  etc. 

Price:  $695  F.O.B.  Newark,  N.  J. 

*  ★  ★  * 


WIDE  RANGE  SWEEPING  OSCILLATOR 


THE  MEGA-SWEEP 


Reference  August  1947 
"Electronics"  page  112. 


USES: 


Testing  Telerision  Systems  and  Components. 

Testing  Radar  Systems  and  Components. 

Instructional  Purposes  in  Schools  and  Unirersities. 
Designing  Wide-Band  iJ.  Ampliiiers. 

Designing  Filter  Networks. 

Production  Testing  oi  F.  M.  and  Teleyision  Equipments. 

As  a  Signal  Source  oi  Extraordinary  Range  (Unmatched  by 
any  existing  commercial  signal  generator.) 

As  a  cw  high  irequency  oscillator. 

Seli-contoined  Regulated  Power  Supply — 117  Volt  60  Cycle 
operation — Six#  9"  x  17“  x  11" — Weight  3S  Pounds. 

Price  $39S  F.03.  Newark,  New  Jersey. 


DISPLAYS  PASS  BAND 

Continuous  frequency  coverage  up  through 
the  color  television  bands 

Shows  at  a  glance  the  response  oi  any  network  or  ampliiier.  Eliminates 
the  tedious  point  to  point  analysis.  Sores  engineering  time  and  stimu¬ 
lates  research.  Valuable  ior  telerision  production  alignment. 

FEATURES: 

CARRIER  FREQUENCY 

50  kilocycles  to  500  megacycles  &  ep. 

FREQUENCY  SWEEP 

From  30  megacycles  to  30  kilocycles  tkroegheut  the 
complete  spectrum. 

CONTINUOUSLY  VARIABLE  ATTENUATOR 

LOW  AMPLITUDE  MODULATION  WHILE  SWEEPING 
Less  than  0.1  DB  per  megacycle 

PRECISION  WAVEMETER 

KAY  ELECTRIC  COMPANY 

34  Marshall  St.  Nawark  2,  N«w  Jersey 

Telephone:.  Market-3-4337 

Manufacturers  of  THE  MICRO-PULSER  and  other 
speeialixed  Electronic  Instruments. 
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As  electrical  constituents  go,  permanent  magnets  are  rela* 
tively  new.  They  made  tremendous  advances  wiihin  the  past 
decade,  especially  in  the  communications  and  aviation 
industries,  and  in  the  general  fields  of  instruments,  controls, 
meters  and  mechanical  holding  devices. 

Many  of  these  uses  were  problems  that  just  couldn’t  be 
solved  until  permanent  magnet  materials  were  developed  to 
do  the  job — a  work  of  pioneering  to  which  Arnold  con¬ 
tributed  a  heavy  share.  Many  other  applications  were  those 
where  permanent  magnets  'supplanted  older  materials 
because  of  their  inherent  ability  to  save  weight,  size  and 
production  time,  as  well  as  greatly  improve  the  performance 
of  the  equipment. 

To  these  advantages,  Arnold  Permanent  Magnets  add 
another  very  important  value — standards  of  quality  and 
uniformity  that  are  unmatched  within  the  industry.  Arnold 
Products  are  100%  quality-controlled  at  every  step  of  manu¬ 
facture.  What’s  more,  they’re  available  in  all  Alnico  grades 
and  other  types  of  magnetic  materials,  in  cast  or  sintered 
forms,  and  in  any  shape,  size  or  degree  of  finish  you  need. 
•  Let’s  get  our  engineers  together  on  your  magnet  applica¬ 
tions  or  problems. 


W&D  1296 


THE  ARMOLP  ENCaNEERlNG  CO> 

/\  Subsidiary  of 

AUEOHENYUIDLUM  STEEL  CORPORATION 

Ontario  Street,  Chicago  11,  Illinois 

SptlaIkH  Olid  Lmodmn  in  thn  Dmtign,lnginm9rin9  and  Manafatlara  of  PfRMAMENT  AIA6MCTS 
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AMERICAN  TELEVISION  AND  RADIO  CO. 

Quoiity  Products  Since  1931 
SAINT  PAUi  1.  MINNESOTA  — U  S  A 


miniature  tubes.  An  expansion 
joint  allows  the  shield  to  be  pushed 
over  tubes  of  larger  diameters. 
Free  air  circulation  is  provided  by 
dimples  that  space  shield  from  tube. 


BATTERY  ELIMINATORS 
For  DEMONSTRATING  aiM 
TESTING  AUTO  RADIOS 
N«w  ModaU  .  .  .  Dasigaad  lor  Tast¬ 
ing  D.C.  Elactsicol  Apparatus  on 
Ragular  A.C.  Linas.  Equippad  with 
FuU-Waya  Dry  Disc  Typa  Ractiiiar. 
Assuring  Noisalass,  Intariaranca- 
Fraa  Oparation  and  Extrame  Long 
Lila  and  Raliobility. 

•  Eliminatas  Storaga  Battarias  and 
Battary  Chargars. 

•  Oparotas  tha  Equipmant  at  Maxi¬ 
mum  Eiiiciancy. 

•  Fully  Automatic  and  Fool-Proof. 

•  Typa  60-ELlA  .  .  .  Rotad  Output 
6.3  Volts  at  6.S  Amparos. 

Daolar  Nat  fVica  S22.80 

•  Typa  120C — ELIO  .  .  .  Ratad  Out¬ 
put  6.3  Volts  at  14  Amparas. 

Daalar  Nat  Prica  $37.20 


One  of  the  surest  ways  of 
sustaining  assembly  line  speed 
is  to  standardize  on  Spintite 
wrenches.  Made  to  meet  the  par* 
ticular  problems  of  radio  and 
electrical  assembly  and  repair* 
they're  designed  for  precision 
performance,  volume  production* 
durability  and  ease  of  operation 
with  a  minimum  of  skill. 

Built  like  a  screwdriver,  th© 
Spintite  shaft  readily  reaches 
difficult  assembly  spots,  and  it  is 
partly  hollowed  to  permit  tight* 
ening  of  nuts  through  which  the 
bolt  protrudes. 

Available  with  either  fixed 
or  chuck-type  handle,  Spintites 
can  be  had  to  fit  square,  laiurled 
or  hex  nuts  in  sizes  from  3/16" 
to  5/8".  For  the  radio  and  electii* 
cal  industry's  three  requisites  in 
tools,  speed,  accessibility  and 
quantity  —  specify  Spintites. 


Spectograph  Source  f58) 

Applied  Research  Laboratories, 
7707  Michigan  Ave.,  Detroit  10, 
Mich.  Electrical  discharge  equip¬ 
ment  for  spectrochemical  analysis 
is  available  for  high  quantitative 


AUTO  \ 
RADIO  \ 
VIBRA-  ; 
TORS  I 


Daaignad  for  Uaa  in  Slondord  Vibra- 
tor-Oparatad  Auto  Radio  Racaiyars. 
BuUt  with  Pracislon  Construction  for 
Longar  Lasting  Liia.  Pricas  ara 
app.  15%  lowar. 


precision.  A  high  voltage  source 
uses  240  spark  trains  per  second 
with  short  duration  and  the  low 
voltage  source  uses  60  arc  dis¬ 
charges  a  second  of  long  duration 
for  high  sensitivity. 


Portable  Volt-Ohm  meter  (59) 

Hickok  Electrical  Instrument 
Co.,  10527  Dupont  Ave.,  Cleveland 
8,  Ohio,  introduces  the  Model  214 
portable,  battery  -  operated  elec¬ 
tronic  volt-ohmmeter  to  eliminate 
the  need  for  plugging  into  an  a-c 
line.  It  is  built  for  self-checking 
of  battery  condition  at  any  time  and 
can  be  used  for  1,350  complete  cy¬ 
cles  of  4-minute  operations.  Ranges 


T-73  SET,  hat  7  sizes  of  hex  heads. 
Shock-proof  handles,  and  cold  forged 
sockets  assure  safety  and  strength. 
OVf/t  40  YEARS  OF  MASTER  TOOLMAKING 


For  Isverfisg  D.  C.  to  A.  C. 

Specially  Daaignad  for  Operating 
A.C.  Radioa,  Talayiaion  Seta,  Ampli- 
iiara,  Addraaa  Syatama,  and  Radio 
Teat  Equipmant  from  D.C.  Voltagaa 
in  Vahiclaa.  Shipa,  Traina,  Planea 
and  in  D.C.  Diatricta. 


Write  tor  New  AYR  Catalog— Today  I 


Worcester  •  Massochusetts 
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•  Lower  Assembly  Cost 

•  Strong  Positive  Grip 

•  No  toleranre  problems 


A  tri«l  appl!caf!on  will  show  you 
how  easily  this  versatile  material 
may  be  handled  .  .  ,  how  prac> 
tical  it  is  for  the  above  mentioned 


Both  Cotton  and 
Rayon  Flock  are 
available  immed¬ 
iately  in  a  vari 
ety  of  colors. 


Five  Uses 

for  (ScUtuuedt 

FLOCK 

1  Coating  cabinet  interiors  dissi¬ 
pates  reflections  and  adds 
acoustical  qualities. 

2  Coating  the  edges  of  adjoining 
parts  before  assembly  elimi¬ 
nates  vibration. 

3  Coating  phonograph  t  u  r  n  - 
tables  'adds  a  soft  non-scratch¬ 
ing  cushion  for  records. 

4  Coating  cabinet  bases  lends  a 
soft,  velvety  "feel”  and  pro¬ 
tection  to  table  and  desk  tops. 

5  Coating  wire  grills  adds  a 
smart  finish  at  low  cost. 


PALNUT 

SHIELD  CAN 
FAST  ENER"^ 


Wrifa  for 
Free  Booklet 
and  Frices 


V  A  quick  snap  of  the  ralnut 
Shield  Can  Fastener  into  the 
chassis  provides  a  secure  job- 
faster,  cheaper  than  other  fast¬ 
ening  methods.  Good  ground 
contact  is  maintained.  May  be 
used  on  any  chassis  thickness. 

SAMPLES  and  data  on  Pal- 
nut  Shield  Can  Fasteners  sent 
upon  request  on  your  company 
letterhead. 


The  PALNUT  Co. 

71  COHDIta  ST,  IRVINGTON  It  N  J 


RECHARGEABLE  •  NON-SPILL 

V  I  TA  M  I  T  E 

1  *OZ.  BATTERIES 

(Smaller  Tbo*  2  Paa-Li«Ms) 

IDEAL  FOR  USE  WITH 

Miniature  And  Sub-Miniature  Filament  Type  Tubes 
for  HEARING  AIDS.  PORTABLE  EQUIPMENT,  ETC. 

LARGER  MODELS  ALSO  AVAILABLE 
Writ*  for  Data  and  Litaratur* 

THE  VITAMITE  COMPANY 


MODEL  2B  0.45 

Aeteal  sis*  illastrated 


227  West  64tli  Street 


WHAT  MAKES  A  MAILING  CLICK? 


- - - 1 

H06RAW-HILL  ! 

OIRECT  HAIL  UST  SCRVICC 


Advertlala?  men  agree  .  .  .  the  list  Is  more  than  hall 
the  atory.  McGrow-HUl  MoUlnq  Lists,  nsed  by  leading 
manufacturers  and  industrial  service  orgonisationa, 
direct  your  advertiaing  and  aoles  promotional  efforts 
to  key  purchasing  power. 

In  view  of  present  day  difficulties  in  maintaining 
your  own  mailing  lists,  this  efficieht  personalised 
service  is  particularly  important  in  securing  the  com¬ 
prehensive  market  coverage  you  need  and  wont. 
Investigate  today. 

McGraw-Hill  Publishing  Co.*  Inc. 

DIRECT  MAIL  DIVISION 

330  West  42nd  Strset  New  York,  18.  New  York 
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NEW  PRODUCTS  (cenHnirad) 


Front  Bulb  Replacement 


JUH\8  \ 


cntou5  ncmc  in 


Literature 


(60) 

Magnetic  Relays.  R-B-M  Divi¬ 
sion,,  Essex  Wire  Corp.,  Logans- 
port,  Indiana,  .has  issued  Bulletin 
570  covering  general  purpose  a-c 
and  d-c  relays.  Complete  descrip¬ 
tions,  with  photographs  and  dia¬ 
grammatic  dimensions,  are  given. 


include  a-c  or  d-c  voltage  up  to 
1,200  V.;  and  resistance  up  to  1,000 
megohms. 


(62) 

Engineering  Literature  Service. 
T.  A.  Farrell  Jr.,  141  Welch’s 
Point  Road,  Milford,  Conn.  Tech¬ 
nical  manuals,  engineering  sur¬ 
veys,  service  literature,  and  simi¬ 
lar  publication  work  are  among 
the  services  offered  to  electronic 
engineers  and  industries. 


House  Organ.  Consolidated  Engi¬ 
neering  Corp.,  620  N.  Lake  Ave., 
Pasadena  4,  Calif.,  issues  a  small 
publication  known  as  CEC  Re¬ 
cordings.  In  it  are  reported  facts 
of  interest  about  the  line  of  mass 
spectrometers,  recording  oscillo¬ 
graphs,  and  similar  research 


September,  1947  —  ELECTRONICS 


Johnton-Gothard  cata¬ 
log  hUy  datcribat  thi$ 
Indicator  light  and 
many  othors — writa 
for  it. 


SEND  BLUEPRINTS 
SPECinCRTIDNS- 
NO  OBUBXTiON! 

When  you  use  these  tough,  light¬ 
weight  and  inexpensive  parts, 
you  build  their  nnany  advantages 
into  your  own  product.  Fabri¬ 
cated  to  order,  BAER  FIBRE 
washers,  special  shapes,  terminal 
boards,  and  other  parts  are  ac¬ 
curately  and  uniformly  produced 
to  spedhcation  in  any  quantity. 
Selectimi  of  grades  by  physical 
and  electrical  qualities,  permits 
application  to  a  wide  range  of 
operating  conditions  and  require- 
menUL  Investigate  now! 

UTBRATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


(61) 

Vibrator  Supply.  Raytron  Inc.,  407 
North  Jackson  St.,  Jackson,  Mich. 
Portable  radio  or  other  electronic 
equipment  can  be  furnished  high 
voltage  from  a  unit  that  is  com¬ 
plete  with  input  and  output  leads 
and  screw  studs  for  mounting.  The 
new  type  vibrator  is  practically 
noiseless.  Suggested  circuit  ar¬ 
rangements  are  given  in  the  3- 
page  brochure. 


w  SERIES  1110 


INDICATOR  LIGHTS 


E.  F.  JOHNSON  COMPANY 

Wataca,  Minn. 


^Available  in  2  Lengths 


The  Series  1 1 10  Indicator  Light 
comes  in  styles  to  accommodate 
either  the  long  bulb  or  the  small 
round  bulb.  Unscrew  the  jewel  on 
the  front  and  there's  the  bulb — no 
need  to  mess  around  behind  the 
panel.  All  brass  construction  except 
nut  and  lock  washer.  Parts  heavily 
plated.  Not  affected  by  heat.  Fur¬ 
nished  with  famous  Gothard  rigid, 
non-short  terminals;  fibre  space 
washer;  lock  washer  and  nut.  Re¬ 
quires  11/16'  mounting  hole.  Jewel 
is  dia.,  either  faceted  or  smooth 
glass;  wlored  red,  green,  amber, 
blue,  opal,  clear.  * 

Gotbord  DMeioit 


Electran  A/1fg.  Co.  II 


1055  NEPPERHAN  AVENUE,  YONKERS  3,  NEW  YORK 


fABRICATED  SHEET 
METAL  PRODUCTS 

to  your  specifications  .  .  . 


COMPLETE  facilities  under  one  roof 
lor  quantity  moss  production — in- 
cludinq  welding,  baking  and  finish¬ 
ing.  Whistler  and  Wiedermann  equip¬ 
ment  for  short  runs.  Tool  and  die  en¬ 
gineering  and  designing. 


Quality  chass  ^s.  me¬ 
tal  cabinets,  nstru- 


Substantial  sheet  steel  inventories 
permit  speed,  service  and  cooperation. 
Large  assortment  of  stock  and  special 
dies  for  the  radio  and  electronic  field. 
Production  and  engineering  under  the 
personal  direction  of  Mr.  E.  B.  Guns- 
burg.  president — who  has  had  33 
years*  experience  in  sheet  metal  fab¬ 
rication. 


ment  ho  angs. 
panels,  boxe  ..  metal 
parts  and  st  mpings 
— sample  .ode’s — 
in  stainles}  steel  or 
in  any  m  d  or  any 
gauge.  (  ose  toler¬ 
ances  r  uranteed. 


Send  your  biueprinfs  and  requests  for  prompt  attention  and  qv  tations. 


ART-LLOYD  METAL  PRODUCTS  CORP. 

2973  Cropiey  Ave  Brooklyn  14,  N.  Y, 

Telepbese:  ESplenede  2-0681 


a  comp/efe  range  of 


capacities  to  SO  KVA 


No  ELECTRAN  Transformer 


CONTACTS 


IS  consi 


iiioflel.  Each  is  built  to  func¬ 


tion  with  maximum  efBeieney 
for  a  specific  installation. 


for  Mgh  curront  density  •  mini- 
mum  wesnr  •  low  contact  dropo 
low  eloctrkol  noise  •  self-luM- 
cotion 

in  CONTACTS 

for  low  resistance  •  non-welding 
choracter 

6RAPHALIOY  werhs  wherv  oMiers  wen'H 
SpMify  GRAPHAUOY  with  contWvncv. 

*A  Bpecioi  silver- impregnated  graphite 


Electran  production  facilities  are  completely  flexible  and  are  espe¬ 
cially  geared  for  the  rapid  completion  of  small  or  medium  quantities. 
Engineering  facilities  permit  production  of  Transformers  to  your 
exact  specifications  or  prints,  or  the  complete  design  and  engineer¬ 
ing  of  Transformers  to  meet  your  specific  needs  when  your  prints 
are  not  available.  Your  inquiries  are  invited. 


CHICAGO  30.  ILL, 
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MEW  PRODUCTS  (continued) 

equipment  manufactured  by  the 
company.  The  quarterly  publica¬ 
tion  will  be  of  interest  to  many 
engineers. 

(64) 

Radar  Components.  Carl  W.  Schut- 
ter,  Rockville  Centre,  N.  Y.  Fac¬ 
tory  representative  H.  L.  Hoffman 
&  Co.,  673  Broadway,  New  York 
12,  N.  Y.  Six  illustrated  pages 
show  the  line  of  chokes,  choke 
flanges,  coaxial  connectors,  and 
component  parts  available  for  ra¬ 
dar  use.  Special  components  can 
also  be  furnished. 

(65) 

Industrial  Tubes.  National  Elec¬ 
tronics,  Inc.,  Batavia  Ave.,  Geneva, 
Ill.  A  new  technical  data  book  in 
loose-leaf  form  gives  rating  and 
application  information  on  eleven 
rectifier  and  thyratron  types  suit¬ 
able  for  welding  or  motor  control 
and  industrial  rectifier  applica¬ 
tions. 

(66) 

Insulation  Tester.  James  G.  Bid¬ 
dle  Co.,  1316  Arch  St.,  Philadel¬ 
phia  7,  Pa.  A  new  plug-in  Megger 
insulation  tester  requires  no  hand 
crank  to  cover  2,000  megohms  at 
1,000  volts.  Bulletin  21-46-14  tells 
about  it. 

(67) 

Universal  Parts.  General  Electric 
Co.,  Syracuse,  N.  Y.  A  24-page 
brochure  on  universal  electronic 
parts,  ESD-93,  lists  price,  specifi¬ 
cations,  and  other  data  on  16  parts 
in  the  line  that  includes  resistors, 
controls,  antennas,  and  the  vari¬ 
able-reluctance  pickup  as  well  as 
loud.speakers. 

(68) 

Selenium  Rectifiers.  Selectron 
Div.,  Radio  Receptor  Co.,  Inc.,  251 
West  19th  St.,  New  York  11,  N.  Y., 
announces  a  new  8-page  bulletin 
on  the  subject  of  selenium  recti¬ 
fiers  for  direct-current  require¬ 
ments,  including  electrical  charac¬ 
teristics,  dimensions,  and  weights. 

(69) 

Big  Tubes.  Radio  Corp.  of  Amer¬ 
ica,  Harrison,  N.  J.  The  Quick  Se- 
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from 


IT  IS  "A  NATURAL’ 


FOR  CONTROLLING 


VOLTAGES  IN  LAB 


ORATORIES,  ASSEMBLY 


LINE  TESTING  AND  AS 


A  COMPONENT  OF 


YOUR  ELECTRICAL 


UNIT. 


Send  me  the  Electronics  Journal  "Currently"  regularly  in  addi¬ 
tion  to  the  resume  on  "Electronic  Batteries.” 


NAME 


COMPANY. 


for  the  latest  1 1 
in  electronic  j| 
developments  1  j 


ADDRESS 


SORENSEN  &  COMPANY,  INC 

375  FAIRFIELD  AVE. 


STAMFORD,  CONN, 


Compact  —  hermetically  sealed  —  high  performance  —  for 
multiple  applications  in  the  range  of  2,500  to  10,000  kilo¬ 
cycles  with  a  tolerance  of  ±250  cycles  at  room  temperature 
.  .  .  MINIGLASS*  crystals  are  designed  for  your  low  cost 
quantity  production  items.  Immediate  delivery. 

• 

Manufacturers  of  Radio  Quartz  Crystals. 


MELVIN  L.  SMITH  LABORATORIES 

"  KANE,  PENNSYLVANIA 


Trade  AfoH^  ^Patent  applied  for 


Seeing  now  made 
possible  by  remark¬ 
able  new  electronic 
features,  embodied  in 


BtEAKCft 
OPENS  SPaKK 

J^.ooi  sec-j 


1  StCONOS  f- 
TO  TMt  INCH 


PRESSUREGRAPH  with  Syncro-Markei 


I 


STANDARD 

TRANSFORMER 
CASES 


avoilobU  in  quantity,  OLYM- 
^">1  PIC  ttondardixad  trontformar  catas 
ora  tpaciflcally  dasignad  to  maat  all 
normal  raquiramants  whara  standard 
catas  ara  utad.  Construction  it  rigid, 
with  roundad  comart,  and  tight-fltting 
covart  top  and  bottom.  OLYMPIC  stand¬ 
ard  trantformar  catas  con  ba  fumithad 
with  piarcad  covart,  studs,  brockats  or 
chonnalt.  Inquirias  ara  invitad  writs 
for  illustratad  bullatin— no  obligation. 


Haproducas  on  oscillogroph  seraan,  accu- 
rota  pictura  of  prassuras  during  omd  oftar 
axplosion.  ralataa  prassura  variations  to 
tima,  top  daad  cantor,  angular  valocity, 
ate.  Saa  prassura-tina  choractariatics  of 
automotiva,  {at  emd  Diasal  anginas,  also 
compressors,  pumps,  ate.  Oparatas  over 
range  from  static  up  to  10,000  cycles  at 
prassuras  from  0  to  10,000  lbs. 

Sand  for  descrlpflon  and  full 
anglnaarlng  data. 


"C”  dimension  is  variable 


1 


rrvuuragroph  Syncro-Morliar  OKiHogroph 


ELECTRO  PRODUCTS  LABORATORIES 

549  W.  Randolph  St.,  Chicago  6,  III.  Phone  ST  ate  7444 


OLYMPIC 

TOOL  &  MFG.  CO..  INC. 

39  CHAMBERS  ST  NEW  YORK  7.  N  Y. 
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new  products  (continuad) 

lection  Guide  offers  technical  data 
on  more  than  200  transmitting  and 
industrial  tubes.  Dimensions,  rat* 
ings,  and  other  essential  informa¬ 
tion  are  presented  in  abridged 
form. 

(70) 

Mass  Spectrometer.  Consolidated 
Engineering  Corp.,  620  N.  Lake 
Ave.,  Pasadena  4,  Cal.  Copies  of 
a  20-page,  illustrated  folder,  de¬ 
scribing  the  model  21-102.  mass 
spectrometer,  are  now  available. 
The  mechanism  provides  a  direct 
approach  to  the  determination  of 
mixture  composition  by  the  sort¬ 
ing  and  counting  of  molecules. 

(71) 

Tube  Data.  Hytron  Radio  and  Elec¬ 
tronics  Corp.,  76  Lafayette  St., 
Salem,  Mass.  Transmitting  and 
Special-purpose  tubes  have  been 
cataloged  in  a  four-page  brochure 
that  gives  complete  operational 
data  and  socket  connections. 

(72) 

Radar.  Raytheon  Mfg.  Co.,  Wal¬ 
tham,  Mass.  A  slick-paper  12-page 
booklet  in  two  colors  covers  the 
highlights  of  a  navigational  radar 
for  merchant  shipping  known  as 
Mariners  Pathfinder. 

(73) 

Amateur  Antennas.  Workshop  As¬ 
sociates  Inc.,  66  Needham  St., 
Newton  Highlands,  Mass.  Broad¬ 
band  antennas  and  accessories  are 
summed  up  in  a  recently  printed 
4-page  pamphlet  that  gives  de¬ 
scriptions,  characteristics,  and 
prices  of  the  line  most  suitable 
for  amateur  use. 

(74) 

Control  Relay.  Niagara  Electron 
Laboratories,  Andover,  N.  Y.  Bul¬ 
letin  T-1/9-46  describes  the  Ther¬ 
mocap  relay  that  is  extremely  sen¬ 
sitive  to  minute  changes  in 
electrical  capacitance.  Many  ap¬ 
plications  are  possible  in  indus¬ 
trial  control. 

(75) 

Vibration  Mountings.  Lord  Manu¬ 
facturing  Co.,  Erie,  Pa.  The  chief 
features  and  applications  of  Mul- 


Better  Tone  Quality  and  Reproduction  •  Unusually 
High  Wattage  Handling  Capacity  •  No  Warping  of 
Voice  Coil  •  Unaffected  by  Humidity  and  Ambient 
Temperatures  •  Free  From  Ageing  Due  to  Over- 
Loading  Voice  Coil. 

Alnico  V  Permanent  Magnets 

Expands  Design  Possibilities  •  Overall  Greater 
Efficiency  •  Greater  Sensitivity  •  Reduction  in  the 
Possibility  of  Mechanical  and  Electrical  Failures. 

All  Weld  Construction 


Better  Controlled  Airgaps  •  Increased  Efficiency 
Rigidity — Strength— Durability. 


Consult  General  Electric  now,  for  your  1947  speaker  require¬ 
ments.  Write  to:  General  Electric  Company,  Electronics 
Department,  E6810,  Syracuse  I,  N.  Y. 


GENERAL  ^  ELECTRIC 


•  The  finest  receiver  (from  every 
other  design  standpoint)  can 
only  be  as  good  as  the  speaker  it 
houses.  G-E  speakers  have  been 
built  to  make  good  receivers 
better.  The  check  list  of  outstand¬ 
ing  features  given  below  will  tell 
the  story  to  your  design  engineers 
—the  resultant  higher  quality  per¬ 
formance  will  tell  the  story  to 
your  consumer  market. 


Aluminum  Foil  Base  Voice  Coil 
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DETAILED  EXAMINATION 
OF  CONTINUOUS  FILM 

The  AVIMO  Film  Assessor 
has  been  designed  for  the 
projection  of  35mm  or 
16mm  Film  of  Oscillograph 
Traces  or  other  phenomena. 
Frames  are  }.  rejected  singly 
or  continuously  on  to  ein 
optically  flat  surface  and 
magnification  is  from  xl2 
to  x36.  Projection  of 
successive  frames  is  accu¬ 
rate  to  within  ±  .04" 
at  meudmum  enlarge - 


AVIAAO  Continuous  Film 
Recording  Cameras  proviae 
permanent  records  of  oscillo¬ 
graph  traces. 


LEACH  RELAYS 


BETTER  CONTROLS  THRODGH  BETTER  RELAYS 


Countless  Types  and  Modifications 


You  will  find  Leach  Relays  rendering  service  around  the  elec¬ 
trical  world:  in  Industry,  Electronics,  Communications,  Aviation, 
Transportation  and  Power. 

During  the  past  thirty  years,  Leach  has  faithfully  maintained  its 
poUcy  of  building  quahty  equipment;  and  tcxlay,  you'll  find 
Leach  delivers  quality  in  quantity.  The  name  LEACH  stands 
for  "better  relays"  and  assures  you  of  "better  controls." 


S«l$  AVALON  BOULEVARD.  LOS  ANGELES  3.  CALIF. 


QUALITY  and  SERVICE 
AT  A  PRICE 
THAT’S  RIGHT 


With  more  and  more  manufacturers 
switching  to  plastic  parts  to  improve 
the  appearance  and  performance  of 
their  products,  it  is  significant  that  so 
many  look  to  SillccKks-Miller  for  the 
quality  and  service  they  want.  This 
organization  of  specialists  is  recog¬ 
nized  throughout  the  industry  for  its 
skill  in  fabricating  plastic  parts  to 
close  tolerances  and  its  reputation  for 
unvarying  quality.  With  complete 
facilities  to  meet  your  requirements 
...  no  matter  how  large  or  small  .  .  . 
Sillcocks-Miller  offers  you  the  depend¬ 
able  source  you  want  for  plastic  parts 
and  service,  at  a  price  that’s  right. 

Write  for  lllestrated  booklet  or  phone 
Soeth  Orange  2-6771  for  quick  action. 


SILLCOCKS-MILLER  CO. 


I  ino  Wm  farkir  AvtRM,  1 1 

||MBinaf  AMrttti  S««lli  Ortii*,  1. 1 
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hew  products  (continutd) 

tiplane  mountings,  shear-type 
bonded-rubber  vibration  controls, 
are  given  in  a  12-page  booklet. 
Also  included  are  tables  showing 
sizes  and  specifications,  and  in¬ 
structions  on  selection  and  instal¬ 
lation. 


(76) 

Permanent  Magnets.  General  Elec¬ 
tric  Co.,  Pittsfield,  Mass.,  has  is¬ 
sued  a  36-page  illustrated  booklet 
on  permanent  magnets.  General 
information  as  well  as  technical 
data  on  characteristics,  design, 
properties  and  applications  are 
given.  Also  included  is  a  list  of 
definitions  of  magnet  terms. 


(77) 

.Aluminum  Wire.  United  States 
Rubber  Co.,  Wire  and  Cable  Dept., 
Rockefeller  Center,  New  York, 
N.  Y.  A  25-page  handbook  points 
out  that  aluminum  building  wire 
is  on  a  par  with  copper  in  regard 
to  quality,  has  lower  production 
costs,  and  is  in  more  plentiful  sup¬ 
ply.  Tables  show  relative  weights 
of-various  size  aluminum  and  cop¬ 
per  conductors. 


Wire  and  Cable  Manual.  Rome 
Cable  Corp„  Rome,  N.  Y.  A  pocket 
size  manual  including  wire  and 
cable  technical  tables,  audio  and 
radio  frequency  wire  and  cable 
data,  and  mathematical  and  con¬ 
version  tables  is  available  directly 
from  the  company  at  a  cost  of 
$2.50. 


.Magnetic  Tape  Recorders.  A  bib¬ 
liography  of  OTS  reports  on  mag¬ 
netic  tape  recorders  may  be  ob¬ 
tained  free  of  charge  by  writing 
direct  to  the  Reference  Service 
Section,  Office  of  Technical  Serv¬ 
ices,  Department  of  Commerce, 
Washington  25,  D.  C. 


Master  Index.  John  F.  Rider, 
Publisher,  Inc.,  404  Fourth  Ave., 
New  York  16,  N.  Y.  has  just  issued 
a  master  index  to  cover  informa¬ 
tion  on  all  radio  sets  from  1919 
through  1946.  Printed  in  the  same 
size  as  the  well-known  manuals, 
the  paper-covered  volume  sells  for 
$1.50. 


where 

is  P(l^UUnJ0444ii .  .  . 

SpecUu. .  • 


•  TIC  PRECISION  VARIABLE  RESISTORS 

•  DYNAMIC  NOISE  SUPPRESSORS 

•  Z-ANGLE  METER 


Left  To  Right;  Type  RV3  Precision  Voriable  Resistor  for  use  os  o  precision  ' 

instrument  component;  Type  RV13  for  the  experimentol  laboratory;  Two  ,• 

examples  of  ganging  simplicity  (Type  RV3  Resistors);  Type  210-A  laboratory  -  - 

Amplifier  with  Dynomic  Noise  Suppressor  for  radio-phonograph  use;  Type 

910-A  Dynamic  Noise  Suppressor,  Broadcast  station  model;  Z-Angle  Meter 

for  checking  "match  up"  in  any  sound  circuit. 

PRECISION  VARIABLE  RESISTORS  .  .  .  Type  RVL3  for  experi- 
mental  laboratories.  Reading  accuracy  of  —  1%  —  ’A  dial  division.  Dial 
calibrated  from  0  to  10,  subdivided  into  50  divisions.  Type  RV3  for  use 
as  a  precision  instrument  component.  Reliable  and  accurate.  Ganging  sim¬ 
plicity  offers  countless  applications  at  audio  and  supersonic  frequencies. 

TIC  resistors  are  available  in  100  to  100,000  ohm  range— have  precious 
metal  contacts,  reliable  rotor  take-off  assembly,  adjustable  stop  and  dust- 
proof  construction. 

DYNAMIC  NOISE  SUPPRESSORS  .  .  .  Eliminate  needio 
scratch  and  bass  rumble  in  musical  records  and  transcriptions  without 
appreciably  altering  musical  quality.  An  electronic  "gate"  automati¬ 
cally  varies  audio  amplifier  bond  width  in  accordance  with  the  fre¬ 
quency  range  being  reproduced.  Type  210-A  is  adaptable  to  home  • 

phonographs.  Type  910-A  is  widely  used  in  broadcast  stations. 

Z-ANGLE  METER  .  .  .  For  measuring  Impedance  and  phase 
Angle  versus  Frequency  af  circuits,  circuit  elements  or  networks 
containing  electrical  or  mechanical  resonances.  Also  a  labora¬ 
tory  instrument  for  measuring  resistance,  inductance,  capacitance, 
storage  coefficient  and  dissipation  factor. 

Write  today  for  full  information  and  specifications. 

Engineering  Representatives: 

Chicago:  1024  Superior  Street,  Hollywood:  623  Guaranty  Bldg. 
Oak  Park,  Illinois.  Hollywood  28,  California 

Phone:  Village  9245  Phone:  Hollywood  5111 

Booth  145  at  the  N.A.B.  Show 

==]  r={  TECHNOLOGY  INSTRUMENT  CORPORATION 

I  I  r  1058  MAIN  STREET 

JLJLj  WALTHAM  54,  MASS. 
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NEWS  OF  THE  INDUSTRY 

(continued  from  p  144) 


smart  IUYCRS 


).  D.  CoMn 


A.  B.  Towna 


D.  B.  McKay 


G.  P.  Adair 


(luHerl  for  HDiall  Htatiuns  l>y  O.  Portor 
HouMtoii,  chief  engineer  of  WCBM,  Balti¬ 
more,  Md.,  and  for  nierlium-slze  stations  by 
Alfred  E.  Towne,  director  of  engineering 
for  KSFU  in  San  Francisco,  Calif. 

Directional  Antennas,  Their  Care  and 
Maintenance,  by  Dixie  B.  McKey,  consulting 
radio  engineer,  Washington,  D.  C. 

Technical  Regulation  of  Radio,  by  George 
I*.  Adair,  radio  engineering  consultant, 
Washington,  D.  C. 

FCC-Industry  engineering  roundtable ; 
Conimission  representatives,  headed  by  chief 
engineer  George  E.  Sterling,  will  be :  John 
A.  Willoughby,  assistant  chief  engineer ; 
James  E.  Barr,  chief  of  Standard  Broadcast 
Division ;  Cyril  M.  Braum,  chief  of  F-M 
Kroadcast  Division ;  Curtis  B.  Plummer, 
I'hief  of  Television  Broadcast  Division. 

Also  of  engineeringwise  interest 
at  the  convention  will  be  the  exhibit 
and  demonstration  of  latest  tele¬ 
vision,  facsimile,  f-m,  and  a-m 
broadcasting  equipment. 


FCC  Licenses  for  Radar 

Purchasers  of  surplus  radar  and 
other  electronic  devices  capable  of 
radio  emissions  must  obtain  appro¬ 
priate  station  licenses  before  op¬ 
erating  such  equipment,  according 
to  an  FCC  warning.  Section  301 
of  the  Communications  Act  re¬ 
quires  licensing  *  of  radar  equip¬ 
ment,  and  Section  318  stipulates 
that  radar  stations  may  be  oper¬ 
ated  only  by  persons  licensed  or  au¬ 
thorized  by  the  Commission. 

Retailers  of  surplus  equipment 
are  urged  to  cooperate  by  attaching 
to  apparatus  a  tag  calling  atten¬ 
tion  to  the  penalties  involved  in  un¬ 
authorized  operation.  These  tags 
may  be  obtained  without  charge 
from  the  Secretary,  Federal  Corn- 


Only  RACON  makes  speakers 
.  witii  Racon  Acoustic  Cloth 
which  is  processed  by  a  pat¬ 
ented  method  giving  a  non- 
vibratory  wall,  thereby  increas¬ 
ing  the  output  of  the  horn 
without  loss  due  to  wall  vibra- 
tfos. 


RACON  driver  units  have  a 
rated  output  for  peak  and  con¬ 
tinuous  performance  far  in  ex¬ 
cess  of  any  other  brands — con¬ 
tinuous  operating  capacity  30 
watts,  peak  capacity  60  watts. 
RACON  speakers  and  driving 
units  require  less  energy  input 
yet  they  deliver  more  efficient 
sound  reproduction  output. 


1. PM  Horn  Units 

2.  Straight  Trum¬ 

pets 

3.  Marine  Horns 

4.  Long  Bell 
Trumpets 

5.  Re-entrant 
Horns 


There  is  a  RACON  driving  unit,  trumpet  or 
speaker  for  every  conceivable  sound  applica¬ 
tion — also  the  accessories  (brackets  and 
housings)  that  may  be  required  for  special 
purposes.  Soundmen  know  that  it  pays  to 
choose  and  use  a  speaker  line  that  is  com¬ 
plete.  Yes — RACON  makes  every  kind  of 
sound  reproducer  from  the  giant  7  foot 
length  auditorium  horn  down  to  the  small 
4  inch  intercom  cone  speaker — from  the 
super  giant  P.M.  driving  unit  to  the  tiny 
driver  for  paging  horns. 


SEND  FOR  OUR  NEW 
FREE  CATALOG  TODAY! 

ACON 


RACON  ELEC.  CO.,  INC.,  52  E.  19  ST.,  NEW  YORK,  N.  Y. 
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RLniCD 


HiGnETS 


*  Specialists  in  the  production  of 
highest  grade  Alnico  Magnets. 

*  Production  and  material  rigidly  in¬ 
spected  to  assure  highest  uniform 
quolity. 

e  Castings  made  to  order  from  cus¬ 
tomer's  blueprints  or  sketches. 

*  Information  and  suggestions  sup¬ 
plied  on  request. 

Maniifocfiireri  of  High  Coercive  MmgomHc  4Neya 

10001  ERWIN  AVENUE 
DETROIT  5,  MICHIGAN 


The  Smartest 
3<:  You  Ever 
I  Invested 


Thr««  pmniM  in  pnsHig*  will 


bring  yew  the  enawer  te  reel 


cett  redwctiena  in  marking  wires, 
leads,  circuits,  relays,  parts,  etc. 

a  As  alert  preductien,  maintenance,  and 
repair  men  everywhere  have  discevered, 
QUIK-IABCLS  de  the  ieb  better,  faster  and 
cheaper  than  string  tags,  rail  tapes,  decals, 
stencils,  metal  tabs,  etc. 

Yew  cen't  efferd  net  te  leek 
at  OUIK-IABELS  . . .  particular-  I 

Ip  when  a  3c  stamp  will  bring  I  / m 
yew  FREE  SAMPLES  by  return 
mail.  Clip  that  cenvenient 
cewpen  new.  W.  H.  BRADY 
COMPANY  —  fdentrScatien  Speciefists  — 
Milwaukee,  Wiscensin. 


W.  H.  BRADY  COMPANY 
240  W.  Wells  St., 
Milwaukee  3,  Wis. 

Pleme  send  me  FREE  semoles  of  OUIK- 
LABELS,  the  modem  time  end  money 
saving  way  le  mark  wires,  leads,  circuits, 
relays,  parts,  etc. 


•  RESISTORS 

Half  -  One  -  Two  Waff 

•  INSULATED 

•  ANY  TOLERANCE 

•WE  CALIBRATE  RESIST¬ 
ORS  within  I  and  2%  Toler¬ 
ance. 

•  ANY  QUANTITY 

•  ANY  MAKE 

Immediafe  Delivery! 

WE  SHIP  THE  SAME  DAY  YOUR 
ORDER  IS  RECEIVED 

Inquire  Today! 

LEGRI  S  COMPANY,  Inc. 

ELECTRONIC  PARTS  AND  COMPONENTS 

844-850  Amsterdam  Ave. 

NEW  YORK  25.  N.  Y. 

AC  2-0018 


nnouncing 


The  1st  volume  in  the  long-axvaiti  : 
Massachusetts  Institute  of  Technology 
R.miiation'  Laboratory  Series 

Bringing  you 

the  engineering  data 
you  need  to  design 

RADAR  SYSTEMS 

Here  is  an  important  book  which  presents  the 

general  principles  of  the  design  of  various  radar 
systems.  From  the  standpoint  of  the  desi^rr 
the  book  discusses  the  basic  considerations  wnith 
underlie  and  are  particular  to  systems  desigi.. 
After  a  general  approach  to  problems  encountered, 
it  takes  up  the  leading  design  considerations  for 
the  important  components  that  make  up  a  radar 
set.  Two  new  and  important  auxiliary  techniques 
. — moving  target  indications  and  the  transmission 
of  radar  displays  to  a  remote  iiidicator  by  radio 
means — are  fully  treated.  Detailed  examples  of 
actual  systems  are  included.  Anyone  interested 
in  the  varied  applications  of  radar  will  find  this 
new  volume  of  immense  value  as  a  basic,  useful 
reference. 

Jast  Published 

RADAR  SYSTEM 
ENGINEERING 

Edited  by  I.ouis  N.  Ridraour,  Editor-in-Qiief, 
Radiation  Laboratory  Series:  Associate  Profes¬ 
sor  of  Physics,  University  of  Pennsylvania. 
748  pages,  6x9,  illustrated, 

This  is  the  first  of  twenty-eight  volumes  pre¬ 
pared  principally  by  members  of  the  Radiation 
Labioratory  maintained  during  the  war  at  the 
Massachusetts  Institute  of  Technology  under 
contract  with  the  National  Defense  Research 
Committee  of  the  Office  of  Scientific  Research 
and  Development.  The  Laboratory  was  the  fore¬ 
most  U.S.  research  and  development  institution 
in  the  field  of  microwave  radar.  The  accuracy 
of  the  material  made  available  in  these  volumes 
is  attested  by  their  authoritative  background. 


Ceiifenfs 


1.  Introduction 

2.  The  Radar  Eouation 

3.  Proaartlas  of  Radar 
Tartets 

4.  Liniltationi  of  PuIm 
Radar 

5.  C.  W.  Radar  Systoms 

6.  Tha  Gathorlni  and 
Praaontation  of 
Radar  Data 

7.  Tha  Employnant  af 
Radar  Data 

8.  Radar  Baaeans 


Antonnai,  Beanneri, 
and  Stabilixatlon 
Tha  Matntiron  and 
Tha  Pulaar 
R-F  Camponanti 
Tho  Racoivini  Syt- 
taai— Radar  Rocoivtn 
Tha  Rocolving  System 
— Indicator! 

Prino  Powor  Supplies 
for  Radar 

Examploa  of  Radar 
Bntaa  Otsign 
Moving-targot  Indica- 
tion 

Radar  Relay 


See  it 
10  Days 
^REE 


McGraw-Hill  Book  Co..  330  W.  42nd  St..  N.Y.  IS 
-Send  me  M.I.T.  Iladiatlon  Lab.,  No.  1:  Ridenour 
—Radar  System  Knipneering.  for  10  days’  examina¬ 
tion  on  approval.  In  10  days  I  will  .send  f  .so 
plus  few  cents  postage  or  return  book  postpaid. 
(Postage  paid  on  ca.sh  orders.) 

Name  . 

Address .  . . 

City  and  State  . 

Company  . 

Position  . L-9-47 

For  Canadian  price,  write:  McQraw-UiU  Co.  of 
Canada,  Ltd.,  12  Richmond  St.  E..  Toronto  1 
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On  special  mill  ship¬ 
ments  >ve  can  give 
prompt  delivery.  Also 
complete  fabrication 
service  backed  by  over 
20  years  of  experi- 
♦‘iice. 


ELECTRICAL 
INSULATION  CO.,  INC 


12  Vestry  St..  New  York  13.  N.  Y. 


ALLENUT 


internal  wrenching,  self- 
locking  nut  by  ALLEN 


This  new  internal -wrenching  nut 
HOLDS  with  a  weld-like  grip,  —  self- 
locktHgia  non-hardened  metals.  Knurled 
flutes  are  drawn  down  into  counterbored 
hole  as  the  screw  is  tightened  in  the  nut. 
Yet  easily  removed  without  damage 
to  nut  or  containing  parts  by  backing 
off  on  screw  and  tapping  screw  on  head. 

Using  ALLENVTS  with  Allen  Socket 
Head  Cap  Screws,  the  positive  internal 
wrenching  action  of  Allen  Hex  Keys 
drives  fast,  firm  set-ups  in  the  harder 
metals.  12-point  (double-hex)  Allenut 
socket  gives  30°  of  wrenching  swing  — 
as  compared  with  a  normal  60° —  to  speed 
up  assembly  in  cramped  quarters. 

The  ALI^NLT  sets  up  flush  to  achieve 
streamlined  surfaces.  It  facilitates  more 
compact  designs  with  resulting  econ¬ 
omies  in  space,  weight  and  material. 
Adds  immensely  to  the  finished  appear¬ 
ance  of  any  job  .  . .  Precision-made  of 
special-alloy  steel  to  Allen  standards; 
threads  tapped  to  a  Class  3  fit. 

Ask  your  local  Industrial  Distributor  for  sam¬ 
ples  for  test  applications.  Available  only 
(hrouah  auchorized  ALLEN  Distributors. 


MERCURY  GASFIUED 

GRID  CONTROL  RECTIFIERS 


J  LONG  LIFE 

HIGH  EFFICIENCY 

QUICK  START 

These  inexpensive  rectifier 
tubes  are  designed  for  indus¬ 
trial  applications  such  as  weld¬ 
ing  control,  motor  control, 
>tc.,  at  ambient  temperature 
limits  of  approximately  —40° 
to  +80°  C. 


RATINGS*  CE.3n** 

CE-320 

CE.322 

QC  Ampere  output 

Max.  Average  Continuous . 

1.5 

2.5 

6.4 

OKillogroph  Peok . 

6.0 

30.0 

80.0 

Peak  Inverse  Volts  (AAox.  Inst.) . 

1000 

1250 

1500 

Filament  Volts . 

2.5 

2.5 

2J 

Amperes  . . . . 

6±1 

9±7 

20*3 

Approx.  Heating  Time  (in  tec.) 

15 

30 

45 

*  Condensed  mercury  temperature  40 

-70“  C. 

**  Alto  available:  modified  types  CE-323A  and  CE-393A. 

For  technical  data  and  special  information  write  to 

CONTINENTAL  ELECTRIC  CO 

Geneva,  Illinois 


BAKELITE  SHEETS 
RODS  AND  TUBES 


THE  ALLEN  MFC.  COMPANY 

HARTFORD  1,  CONNECTICUT,  U.  S.  A. 
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BuIIDMS  or  COMMUNICATIONS 
MUI^MMIT,  MIASUlINO  INSTtUMINTS 
rot  COMMHOAL  AND  INDUSTIIAL  USI, 
AND  OTNIt  liKTtONIC  DfVICIS  — ttO- 
DUCTS  WNDII  DRKISION  DStTOtMANCE 
UUWliY  DItINDS  UDON  TIMf  AS  A  SAC- 
TOt  or  CONTtOl  —  KNOW  TNIY 

con  rely  on 

^“design 

QUALITY 
ACCURACY 


RUNNING  TIME  METERS 

Synchronous  motor  driven.  Rogistor 
automoticoHy  and  cumulolivoly  total 
operating  or  idle  time  on  circuits,  ma> 
chines,  systems. 


TIME  DELAY  RELAYS 

Rrovide  adjustable  or  fixed  time  delay 
between  operation  of  a  control  circuit 
and  subsequent  opening  or  closing  of 
a  load  circuit. 


SYNCHRONOUS  MOTORS 

Permanent  magnet  type  for  applications 
requiring  a  constant  speed  at  a  given 
frequency.  Small  size.  30*  ounce 
torque.  Twenty-eight  speeds  from  60 
rpm  to  1/24  rph. 
g"-— -;-.a.^nr«ie'xrwi 
For  a  wide  range  of  standard  timers  and  controls., 
or  speciol  adaptations  for  specific  applications. .consult 
R.  W.  CRAMER  CO.,  Box  No.  3,  Centerbrook,  Conn. 


YC*' 


SPECIALISTS  IN  T/M£ 

AS  A  FACTOR  OF 

control 

’AL  •  DELAY  ♦  CYCLE  •  IMmSE  •  WKENTAoT^ 


j  NEWS  OP  THE  INDUSTRY  (continusd) 

munications  Commission,  Washing¬ 
ton  25,  D.  C.  Information  on  li¬ 
censes  for  experimental  radar  op¬ 
eration  may  be  secured  from  the 
same  address. 


Instrument  Conference 

Advance  registrations  for  the  Sec¬ 
ond  National  Instrument  Confer¬ 
ence,  to  be  held  at  the  Stevens  Hotel 
in  Chicago  Sept.  8-12,  indicate  that 
attendance  will  exceed  7,500.  Gen¬ 
eral  chairman  is  A.  F.  Sperry,  pres¬ 
ident  of  Panellit,  Inc.,  Chicago.  The 
technical  program  for  the  four  days 
is  as  follows: 

Sept.  # — 9:00  a.m.:  Qual'.y  Control— A 
Management  Tool  for  Proc.-sa  InduatrieB, 
by  W.  E.  Jones  of  Management  Controls, 
Desplalnes.  Ill. 

Precision  of  Measurements,  by  F.  Trow¬ 
bridge  of  Sentinel  Radio  Co.,  Evanston,  lU. 

9:00  a.m.  (cuururrent  session):  The 
I'^indamentals  of  KudloactiTlty,  by  G.  J. 
Overbeck  of  .Vorthwestem  University. 

The  Application  of  Radioactive  Indica¬ 
tors  to  industrial  Problems,  by  R.  D.  Evans 
of  MIT. 

Instruments  for  the  Measurement  of 
Tracer  Radiation,  by  F.  R.  Sbonka  of 
Argonne  National  Laboratory,  Chicago. 

2:00  p.m.:  Applications  of  Viscosity 
Measurements  In  Petroleum  Refining  Opera¬ 
tions,  .by  U.  J.  Pompeo  of  Shell  Develop¬ 
ment  Co.,  EmeryvlUe,  Calif. 

Polarographic  Analysis  —  Principles, 
Techniques,  and  Applications,  by  L,  D. 
Wilson  of  Corn  Products  Refining  Co. 

Adaptation  of  the  General  Electric  Spec¬ 
trophotometer  for  fecial  Measurements, 
by  R.  H.  Klenle  and  E.  I.  Stearns  of  Ameri¬ 
can  Cyanamid  Co. 

Some  Problems  of  Application  of  Con¬ 
ductivity  Equipment,  by  A.  L.  Cliaplin  of 
.lohns  Hopkins  University. 

8:00  p.m.:  Automatic  control  and  servo 
iiiecbanism  symposium. 

Sept.  10 — 9:00  a.m.:  Demonstration  of 
-Viitomatic  Control  Principles,  by  O.  F. 
Akins  of  Kastniaii  Kodak  Co.,  assisted  by 
•lolin  H.  Kowalski. 

2:00  p.m.:  Instrniiient  Installation  an<l 
Maintenance  Methods  and  Praeti<-es  in  a 
■Modern  Oil  Refinery,  by  G.  A.  Larsi'ii  of 
Texas  Co. 

Instrumentation  in  Turbine  Testing,  l).v 
B.  Sisson  of  Public  Service  Co.  of  North¬ 
ern  Illinois. 

Organization  and  Operation  of  a  Cali- 
Itration  Laboratory,  by  H.  N.  Hayward  of 
University  of  Illinois. 

Sept.  11 — 0:00  a.m.;  Instriiinentation  of 
an  Acetic  Acid  C«>ncent ration  Process,  by 
.1.  E.  Voytilla  of  dii  I'ont. 

Sea  Water  Bromine  Process  Cheiiilcal 
Control  System,  l).v  P.  Hart  of  Dow  Chera- 
ieal  Co. 

2:tM)  p.m.:  Dew  I’oiiit  Recorder,  by  B. 
Suomi  of  University  of  Chicago. 

Instrumentation  for  Aeronautical  Re¬ 
search,  by  Edward  Bioin  of  Cornell  Re¬ 
search  Foundation,  Inc. 

Design  and  Application  of  A  New  Metals 
Comparator,  by  1).  E.  Bovey  of  G-B. 

Sept.  12—9:00  a.m.:  Basic  Design  and 
Field  Performance  of  the  Control  and 
Measurement  Instrumentation  of  an  Alky¬ 
lation  Unit,  by  H.  F.  Moore  snd  G.  W. 
Gross  of  Standard  Oil. 

Application  of  Conventional  Industrial 
Instruments  to  Power  Plant  Control,  by 
W.  H.  Fortney  of  Humble  Oil  Co. 


Western  IRE  Conference 

Opening  at  the  Palace  Hotel,  San 
Francisco  on  Sept.  24,  the  IRE  con¬ 
ference  held  in  conjunction  with  the 
West  Coast  Electronic  Manufactur¬ 
ers’  Association  will  extend  through 
Sept.  26  and  include  six  technical 


Wires  drawn  to  .0004"  diameter. 

Ribbon  rolled  to  0001"  thickness. 

for  individual 
requirements. 

WRITE  for  list  of  stock  alloys. 
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Technical  Problems  of  Military  Ratlin 
t'oininunicatlons  of  the  Kutiire,  by  John 
Ilessel  of  Signal  Corps  Engineering  Labs. 

Some  Applications  of  Electronics  to  Un- 
ilerwater  Ordnance,  by  Ralph  D.  Bennett  of 
Naval  Ordnance  Lab. 

Some  Experimental  Determinations  of 
Mutual  Impedance  of  Antennas,  by  F.  It. 
Abbott  of  tJ.  S.  Navy  Electronic  I^b. 

A  New  Pulse-Time  Telemetering  System, 
by  .1.  N.  Davis  of  Sylvanla  Electric. 

Microwaves  In  Ordnance  Work,  by  F.  G. 
Suflleld  of  Allison  Associates. 

Telemetering  Guided  Missile  Perforiiianee, 
Itv  James  C.  C?oe  of  D.  S.  Naval  Air  Missile 
Test  Center. 

\  60,000-Watt  FM  Transmitter  for  Km.r. 
Me,  by  Leigh  Norton  of  Eltel-McCulloush. 

Susceptibility  of  F-M  Receivers  to  Inter 
fering  Signals,  by  D.  E.  Foster  of  Hazel- 
tine  Research  Inc.  of  California. 

Frequency  Modulation  Detectors,  by  S. 
W.  Seeley  of  RCA  Industry  Service  I.ab. 

Limiters  and  Discriminators  In  B'-M  Re¬ 
ceivers,  ^  W.  G.  Tiiller  of  MIT. 

A  VHP  Bridge  for  Impedance  Measure 
ments,  by  Robert  Soderman  of  Generzl 
Radio. 

A  Pulse-Counter  Type  P-M  Station  Mon 
itor,  by  David  Packard  and  Norman  Schroek 
of  Hewlett-Packard. 

Supersonic  Plaw  Detection,  by  Donahl 
Krdman  of  Triplett  and  Barton. 

Electronic  Gage  Methods  and  Apparatus, 
by  R.  L.  Sink  of  Consolidated  Engineering 

Equivalent  Networks  for  Wave-Guide 
Problems  by  J.  R.  Whlnnery  of  U.  of  Calif, 

The  New  York-Boston  Radio  Relay,  by 
J.  W.  McRae  of  Bell  Labs. 

High-Quality  Loudspeakers,  by  J.  K.  Hil 
Hard  of  Altec  Lansing. 

A  New  Solution  of  the  Antenna  Problem, 
by  C.  Lanezos  of  Boeing  Aircraft. 

The  Proton  Linear  Accelerator,  by  L.  W 
Alvarez  of  IT.  of  Calif. 

The  Electron  Linear  Accelerator,  ii.v 
W.  W.  Hansen  of  Stanford  University. 

Oscillation  and  Gain  Properties  in  New 
Types  of  Traveling- Wave  Tubes,  by  L.  M. 
Field  of  Stanford. 

Ilesnatron  Design,  by  W.  W.  Salisbury  of 
Collins  Radio. 

Radio-Wave  Propagation  In  the  F  M 
Broadcast  Band,  by  K.  A.  Norton  of  Na¬ 
tional  Bureau  of  Standards. 

A  Plve-Kw  Television  Transmitter,  by  J. 
E.  Keister,  J.  W.  Downle,  H.  B.  Sancher, 
and  L.  M.  Ewing  of  G-E. 

.t  Modern  Television  Transmitter,  by  ('. 
1).  Kentner  of  RC.\  I.jibs. 

Receiving  Antennas  for  F'-M  and  Televi 
sion. 


(Single  units  or  ganged  as  illustrated) 

^  ■  Fairchild’s  new  Linear  single-turn  Potentiometers  are  small 

precision  instruments— that  out-perform  conventional  potentiom¬ 
eters.  Sustained  accuracy  and  long  service  are  assured  by  Fairchild 
construction  that  includes  contaas  composed  of  gold,  platinum  and 
silver  alloys.  Performance  includes  a  guaranteed  linearity  accurate 
to  0.1596  (2  size);  0.1%  (3  size)  . . .  less  than  one  ounce-inch 
torque  and  4  or  5  watt  power  dissipation ...  100  to  100,000  ohm 
resistance  range  . , .  single  or  ganged  flexibility  . . .  351°  and  355° 
angles  of  elearical  rotation.  Available  in  2"  and  3"  sizes.  Engi- 
^red  for  quantity  production.  For  further  information  address: 
Dept.  88-06  Van  Wyck  Boulevard,  Jamaica  1,  New  York. 


CAMERA 

AND  INSTRUMENT  CORPORATION 


DOUBLES  ITS  SPACE. 
EQUIPMENT  AND 
CAPACITY  TO  MEET 
THE  INCREASING 
DEMAND  FOR  ITS 


IRON  CORES 


Airline  Inaugurates 
Radiograms 

Passengers  on  Pan  American 
World  Airways  new  round-the- 
world  route  will  be  able  to  send 
radiograms  -to  any  part  of  the 
United  States.  Use  of  Radioma¬ 
rine’s  powerful  radiotelegraph  sta¬ 
tion  at  Chatham,  Mass,  as  the  key 
station  for  this  service  has  been  ap¬ 
proved  by  the  FCC.  Other  RCA 
stations  in  Manila,  Honolulu,  and 
Bolinas,  Calif,  will  assist  in  han¬ 
dling  correspondence  if.  needed. 

The  inaugural  flight  of  the  clip¬ 
per  America  on  this  route  marks 
the  first  transoceanic  journey  in 
which  airborne  radio  communica¬ 
tion  facilities  were  available  to  pas- 


WHICH  FOR  14  YEARS 
HAVE  SET  STANDARDS 
FOR  COMPARISON  IN 
POWDERED  METALLURGY 


PYROFERRIC  manufactures  a  full  line  of 
standard  sized  Powdered  Iron  Screw-Type 
Cores  of  varying  lengths,  with  standard 
threads,  as  well  as  a  complete  line  of  pow¬ 
dered  iron  cores,  with  and  without  inserts. 


For  Powdered  Iron  Cores  to  meet  your  specifica¬ 
tions,  address  your  inquiry  to 


621  East  216  Street, 
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•  appHeatloH 


This  authoritative 
book  provides  elec¬ 
tronic  engineers,  radio 
tet'linicians,  and  oth¬ 
ers,  with  a  sound 


Address 


Company 

I’lwitlon 


Now -a  clear 
engineering 
introduction  to 
KLYSTRON  TUBES 


by  A.  E.  Harrison 

Formar  Klystron  Applications  Engineer, 

Sperry  Gyroscope  Co. 

271  pages,  6x9, 

139  illustrations,  $3.50 

Here  is  a  clear  explanation  of  how  the  process 
of  velocity  modulation  enables  the  electronics 
engineer  to  transform  electrical  energy  into  radio 
frequency  energy — and  how  this  principle  is 
applied  to  klystrons.  Among  the  helpful  features 
of  the  book  are  useful  design  charts,  and  much 
valuable  new  data  on  multiple  resonator  tubes 
and  modulation. 

14  htfpful  chapters,  including: 

Klystron  Construction  Microwave  Measurement 

Klystron  Amplifiers  Technique 

Modulation  of  Klystrons  Klystron  Frequency 

Electron. Bunchini  Theory  Multipliers 

Klystron  Operation  Cavity  Resonators 

Klystron  Power  Supplies  Reflex  Oscillators 

SEE  IT  10  DAYS  —  MAIL  COUPON 


KLYSTRON 


RH-7B  can  be  supplied  with  3-15 
me  fundamental  output  frequen- 
/  cies.  or  15-75  me  harmonic  mode  out- 
-V  /  put  frequencies. 

i  By  doubling  or  tripling  in  the  plate  circuit 
i  of  the  crystal  stage,  sufficient  output  can  be 
/  obtained  to  excite  the  following  stage  in  a 
transmitter  to  frequencies  as  high  os  200  me. 

r  This  versatile  crystal  unit  con  also  be  used  as  a  local 
^  oscillator  in  a  receiver  at  frequencies  up  to  200  me. 

^  Capacity  between  pins  in  the  harmonic  mode  unit  is  less 

a  than  4  mmfd.  As  low  as  ^.005%  max- 
unum  frequency  drift  over  a  temperoture 
range  of  — 55’C  to  -fSO'C. 


McGraw-Hill  Booh  Co.. 

330  W.  42nd  St..  Now  York  18 
Send  me  Ilarrisun’u  Klystron  Tubes  for  10  days' 
rxaminatioii  uii  approx al.  In  10  days  I  will  send 
$3.50,  plus  few  cents  postage,  or  return  book  post-  ^ 
paid.  (Postage  paid  on  ca.sh  orders  -same  returti  ■ 
privilege.  I 

Name  ,,, 


City  and  State 


For  Canadian  price  write: 
McGraw-Hill  Book  Co.,  of  Canada,  Ltd. 
12  Richmond  Street  E..  Toronto  I 


working  knowledge  of  both  the  operating 
principles  and  practical  applications  of 
klystron  tubes.  It  supplies  the  bulk  of  the 
answers  to  your  questions  concerning 
methods  of  construction  —  performance 
characteristics — procedures  for  testing,  etc. 
—and  shows  how  these  tubes  may  be  used 
as  oscillators,  amplifiers,  frequency  multi¬ 
pliers,  and  detectors  or  mixers. 


REEVE5-HOFFMAN 


Lf 


CORPORATION 


ujwnnm 

/  1  H 


SAIES  OFFICE  215  EAST  91  STREET  NEW  YORK  28  N 
PLANT  321  CHERRY  STREET.  CARLISLE  PA 


Just  Published! 


PANEL  INSTRUMENTS 


•  fhuory 


•  op»rafloH 


•  eoRsfruefion 
•  performance 


For  utmost  reliability  —  speediy  and  depend 
upon  Burlington  Panel  Instruments.  They  are 
designed,  engineered  and  built  to  give  satis¬ 
factory  service  even  under  most  severe 
applications  —  and  are  fully  qniorcmteed  lor 
one  year  against  defects  in  material  or 
workmanship. 


Write  today  for  full  details. 


BURLINGTON  INSTRUMENT  COMPANY 

122  FOURTH  STREET  BURLINGTON.  IOWA 
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REENTRANT  PROJECTORS 


DRIVER  UNITS 


RADIAL  PROJECTORS 


stands 


Wrife  for  illustrated  catalog  sheets 


CORPORATION 
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sengers  of  an  American  plane. 
Overall  message  rates  for  the  serv¬ 
ice  are  similar  to  those  applying  to 
ships  at  sea. 


RMA  Section  Chairmen 

Section  chairmen  for  the  Parts  Di¬ 
vision  of  RMA  during  1947-48  fiscal 
year  have  been  selected  by  division 
chairman  J.  J.  Kahn,  president  of 
Standard  Transformer  Corp.,  Chi¬ 
cago,  as  follows: 


Coil  HectioM:  Edwin  I.  Guthiiian,  Edwin 

I.  Uuthman  &  Company,  Inc.,  Chicago,  111. 
Fixed  Capacitor  Section:  W.  Myron  Owen. 

Aerovox  Corporation,  New  Bedford,  Maas. 

Fixed  Reeistor  Section:  3.  Hall  Stackpole, 
Staekpole  Carbon  Company,  St.  Mary  a.  Pa. 

Inatrnment  <t  Test  Equipment  Section: 
R.  L.  Triplett,  The  Triplett  Electrical  In- 
atrnment  Co.,  Blufiton,  Ohio. 

Insulations  Section:  John  W.  Apgar,  Ir¬ 
vington  Varnish  &  Insulator  Co.,  Irvington, 
N.  J. 

Metal  Stampings  and  Metal  Specialties 
Section:  S.  L.  Oabel,  ’Superior  Tube  Com¬ 
pany,  Norristown,  Pa. 

Phonograph  Cartridges  and  Pickups  Sec¬ 
tion;  George  B.  Fraser,  The  Astatic  Cor¬ 
poration,  Conneaiit,  Ohio. 

Plastics  and  Molded  Parts  Section:  John 

J.  Bachner,  Chicago  Molded  Products  Cor¬ 
poration.  Chicago,  Ill. 

Record  Changer  and  Phono-Motor  Sec¬ 
tion;.  Allan  W.  Frltzsche,  The  General  In¬ 
dustries  Company,  Elyria,  Ohio 

Socket  Section;  Prank  Holmstrom,  Hugh 
H.  El)y,  Inc.,  Philadelphia,  Pa. 

Speaker  Section:  Laurence  A.  King,  The 
Rola  Company,  Inc.,  Cleveland,  O. 

Speaker  Parts  Section:  A.  D.  Plamondon, 
Jr.,  The  Indiana  Steel  Products  Company, 
Chicago,  Ill. 

Special  Products  Section:  William  R. 
MacLeod,  King  Laboratories,  Inc.,  Syracuse, 
N.  Y. 

Switch 


if  Here's  a  "must"  for  every  well-equipped 
lab.  plant,  school,  serrice  shop.  ship.  etc. 
The  unique  Clarostat  Power  Resistor  Decade 
Box  solves  resistance  problems  under  actual 
working  conditions.  No  calculatioiu.  No 
guesswork.  No  extensive  experimentation. 
Instead,  iust  insert  in  actual  circuit,  adiust 
decade  knobs  until  best  results  are  attained, 
and  then  read  the. correct  resistance  value 
right  off  the  dials! 


Covert  retittance  range  of  1  ohm 
to  ohms. 


Each  decade  dissipates  up  to  22S 
watts.  Greenohm  (wire  •  wound 
cenient>coated  power  resistors) 
used  throughout.  Glass-insulated 
wiring. 


_  Section:  Willian 

Centralab,  Milwaukee,  Wise. 

Transformer  Section.  H.  — .  _ 

Jefferaon  Electric  Company,  Bellwood,  Ill. 
VarialRe  Condenser  Section:  Z.  Z.  T  _ 
American  Steel  Package  Co. 


R._A.  Hoagland, 
Q.  F.  Beh 


ringer.  The 
Defiance.  O. 

Variable  Resistor  Section:  D.  S.  W.  Kelly, 
.Mleii-Bradley  Company,  Milwaukee,  Wise. 

Vibrator  Section:  Ray  F.  Sparrow.  P.  R. 
.Mallory  A  Co.,  Inc.,  Indianapolia,  Ind. 

H’irr  Section:  R.  G.  Zender,  Leiiz  Electric 
Mfg.  Co.,  Chicago,  Ill. 

TYirc  Wound  Resistor  Section:  D.  T. 
Siegel,  Oiimite  Manufacturing  Company, 
Chicago,  Ill. 


Six  decade  switches  on  sloping 
panel.  Direct-reading  in  ohms. 
Maximum  current  per  decade:  S, 
1.5,  .5,  .15,  .05  and  .005  amp. 


Frosted-gray  metal  cate.  Etched 
black-and-aluminum  panel.  Dual 
binding  pest  terminals  for  Inft-and 
right-hand  duty. 


Chairmen  of  the  Transmitter  Di¬ 
vision,  announced  by  division  chair¬ 
man  S.  P.  Taylor,  distributor  sales 
manager  of  Western  Electric  Co., 
New  York,  are: 


Grille  at  bottom  and  louvres  at 
side  for  adequate  ventilation. 


13"  long:  SVs"  deep;  5Vi"  high. 
Weight,  11  lbs. 


Baffles 
Enclosures 
Desk  Stands 

Speaker 

Stands 

Adaptors 
Wall  Boxes 
Boom  Stands 


Ariation  Section:  H.  M.  Hucke,  RCA  Vic¬ 
tor  Division  of  RCA,  Camden,  'N.  J. 

ttroadcast  Transmitter  Section:  C.  W. 
Miller,  Industrial  Electronic  Division,  West- 
iughouse  Electric  Corp.,  Baltimore,  Md. 

General  Communications  Section:  Natale 
Ga^,  General  Electric  Company,  Syracuse, 

Marine  Section;  C.  E.  Maass,  Western 
Electric  Company,  New  York,  N.  Y. 

Transmitter  Tube  Section:  A.  Frankel. 
Lamp  Division,  Westinghouse  Electric 
<’orp.,  Bloomfield,  N.  J. 


★  Write  for  Literature 


Bulletin  No.  114  describes  and  Ulustrates  the 
Clarostat  Power  Resistor  Decade  Box.  Write 
lor  this  literature.  Your  local  Clarostat  Jobbei 
can  show  you  this  "must"  equipment. 


Status  of  Facsimile 

At  the  PRESENT  time,  facsimile 
broadcasting  is  on  an  experimental 
basis  pending  the  formulation  of 


1449  39th  Str.,  Brooklyn  18.  N.  Y. 
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must  train  for  TOMORROW 
—  a  challenge  intensified  by 
the  accelerating  pace  of  scien-\ 


Specify 

MYCALEX 

LOW  LOSS  INSULATION 

Where  high  mechanical  and  elec¬ 
trical  specifications  must  be  met. 


For  Complete  Catalog  and 
Specifying  information  on 
MYCALEX  400,  K.  &  410 
refer  to  pages  84-85  in  the 
1947  Mid-June 

BUYERS’  GUIDE  ISSUE 


OF  ELECTRONICS. 


27  years  of  leadership 
in  solving  the  most 
exacting  high  frequency 
insulating  problems. 

MYCALEX  CORPORATION  OF 
AMERICA 

"Owners  of  'MYCALEX'  Patonts" 

Plant  and  General  Offices:  Clifton,  N.  J. 
Executive  Offices:  30  Rockefeller  Plaza 
New  York  20.  N.  Y. 


•  You  gel  fast,  dependable  solder¬ 
ing  heat  because  the  Weller  Solder¬ 
ing  Qun  operates  on  a  new  princi- 
pie.  A  specially  engineered  built-in 
transfornner  of  light  weight  pro¬ 
duces  soldering  heat  In  the  loop 
tip.  See  your  radio  parts  distribu¬ 
tor  or  write  for  bulletin. 

806  Packer  St.,  Easton,  Pa 

In  Canada:  Atlas  Radio  Corp.,  Ltd..  560  King  St..  N.  W..  Toronto.  Ont. 

Export  Pept.:  25  Warren  St.,  New  York  7,  N.  Y. 


^€Ut€ft  Sotd^niH^  FI  I  Fir 

SOLDERING 


Weal  to 


SOLDERING 

GUN 


100  Watts 
115  Volts 
60  Cycles 


JONES  500  SERIES 
PLUGS  cnid  SOCKETS 

(Heavy  Duty) 

Dodgnedfor  5000 
Volts  and  25  am- 
poroi  per  con¬ 
tact.  Socket  Con¬ 
tacts  of  phosphor 
bronse,  knife- 
switch  type,  sil¬ 
ver  plated.  Plug 
Contacts  are  oi 
hard  brass,  sil¬ 
ver  plated.  Made 
P-506-CE  In  2,  4,  6.  8.  10 

and  12  Contacts. 
All  Plugs  and 
Sockets  are  Po¬ 
larised.  Long 
leakage  poth 
from  Terminal 
to  Terminal 
and  Terminal  to 
ground.  Caps 
S-506-DB  and  Brockets 

ore  of  steel  porherlted.  Plug  and  Socket 
blocks  Interchangeablo  In  Caps  and 
Brackets.  This  series  Is  designed  for  heavy 
duty  electrical  work  and  will  withstand 
Mverest  type  of  service. 

Write  for  Bulletin  No.  500  describing  this 
line  of  Heavy  Duty  Plugs  and  Sockets. 


HOUJflRD  B  J0n€S  DIVISIOD 

cincH  CORP 

2460  Oi  G€ORGe  ST  CHlCf=IGO  18 


S-5e6-DB 


tODAY’Sl 

SCHOOLS... 


WELLER  MEG.  CO. 


iLiii;  itna  engineering  aavance.  \ 

Specially  designed  to  meet  the  .  TYPE  C  Id 

needs  of  modern  education,  - 

is  the  NEW...  STUDINT'S  OSCILLOGRAPH 


An  Essential  part  of  the  modern  college 
laboratory: 


o  Accuracy,  for  the  critical 
researcher 

o  Simplicity,  for  the  under¬ 
graduate  student 

o  4  to  12  channels,  precision 
components 

WRITE  FOR 

TECHNICAL  BULLETIN 

SP.ltdA 
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BROWNING 

LABORATORIES 

Precision  Instruments 
for  Electronics  and 
Radio  Research  and 
Testing 


BROWNING 
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rules  and  standards.  Several  f-m 
stations  have  from  time  to  time 
been  authorized  to  experiment  with 
facsimile  during  hours  not  devoted 
to  regular  broadcasting,  and  these 
demonstrations  have  attracted  con¬ 
siderable  attention. 

Since  facsimile  transmitters  and 
receivers  have  a  lock-and-key  re¬ 
lationship,  as  in  television,  trans¬ 
mission  standards  are  required  so 
that  any  facsimile  receiver  will  op¬ 
erate  from  any  facsimile  station  in 
its  area. 

The  Radio  Technical  Planning 
Board  recently  submitted  proposed 
transmission  standards  to  the  Fed¬ 
eral  Communications  Commission 
for  consideration.  Since  there  has 
been  a  difference  of  opinion  in  the 
development  of  the  proposed  stand¬ 
ards,  however,  as  to  whether  both 
8.2  and  4.1-inch  .  scanning  lines 
should  be  provided  at  the  same  line 
rate  of  105  lines  per  inch,  and  since 
there  has  been  a  limited  amount 
of  experimental  operation  and  dem¬ 
onstrations  to  indicate  public  pref¬ 
erence,  the  Commission  has  re¬ 
quested  that  further  operation  and 
comparisons  be  conducted.  Upon 
the  completion  of  such  tests,  it  is 
believed  that  standards  may  be 
adopted  promptly. 

Other  facsimile  activity  includes 
a  facsimile  news  service  for  air¬ 
plane  passengers,  which  has  been 
tested  in  flight.  Radioed  press  dis¬ 
patches  were  printed  on  an  airliner 
in  four  columns  at  the  rate  of  500 
words  a  minute.  Operations  by  a 
New  York  bank  were  aided  through 
rapid  transmission  of  reproduc¬ 
tions  of  checks  and  other  docu¬ 
ments  from  the  bank’s  downtown 
central  signature  file  to  its  uptown 
headquarters  in  57  seconds.  By  us¬ 
ing  microwave  transmission,  fac¬ 
simile  has  been  relayed  from  Bos¬ 
ton  to  New  York.  The  Army  Air 
Forces  is  installing  a  facsimile  sys¬ 
tem  to  transmit  weather  maps  over 
the  nation  for  the  information  of 
pilots. 


Type  SRIR 

Approved  by  the  Army-Navy  Elec¬ 
tronics  Standards  Bureau  (under 
Spec.  JAN-C-76)  for  Radio  Hook-up 
use  where  the  voltage  doek  not  ex¬ 
ceed  1,000  V.  Sizes;  24  Solid  to  6 
Stranded. 

Recommended  for  communications 
and  industrial  electronic  control  ap¬ 
plications,  this  wire  has  proved  to 
be  superior  to  push-back  and  rub¬ 
ber  insulated*  types  because  the 
Synkote  insulation  is  almost  totally 
impervious  to  water,  oils,  acids, 
alkalies,  sunlight,  cold,  and  fungus 
growths.  It  is  vermin-proof,  un¬ 
usually  resistant  to  abrasion,  flex¬ 
ing,  and  tearing,  and  will  not 
support  combustion.  In  addition,  it 
has  extremely  high  dielectric  break¬ 
down  strength  and  low  dielectric 
leakage.  In  tests  performed  by  the 
Bureau  of  Ships,  TYPE  SRIR  did  not 
break  down  under  12,000  V. 

To  cut  out  interfering  fields,  it  can 
be  shielded  to  any  specifications 
with  a  braid  of  tinned  or  bare  cop¬ 
per,  woven  (loose  or  tight)  to  any 
specified  degree  of  coverage.  Gauge 
of  shielding  strands  varies  accord¬ 
ing  to  individual  requirements. 

Other,  standard,  approved,  Synkote 
Radio  Hook-up  Wires:  Types  SRHV, 
WL,  and  (Underwriters'  Approved) 
TF,  TFF,  and  Appliance  Wiring  Ma¬ 
terial  are  available  in  both  small 
and  large  quantities  —  shielded,  if 
desired,  to  any  specifications. 

Many  other  types  of  Hook-up  Wire, 
to  meet  special  requirements,  can 
be  manufactured  on  short  notice  — 
in  practically  any  quantity.  For 
complete  information,  consult  our 
Engineering  Department. 

Synkote  Antenna  Wire,  and  Two- 
conductor  Parallel  Cord  (with  solid, 
unbreakable,  molded  plug)  are 
also  available. 


Versatile,  Precision 
OSCILLOSCOPE 
MODEL  OL-15 


This  is  a  highly  flexible  instru¬ 
ment  particularly  adaptable  far 
production  testing  or  research 
work  in  television,  radar,  fac¬ 
simile  work,  and  radio-frequency 
equipment. 


An  easy-to-instoll  highly-sensitive 
tuner  that  provides  distortion-free 
reception  on  FM  and  quality  re¬ 
ception  on  AM.  Tuning  eye  shows 
correct  tuning.  One  antenna 
serves  both  FM  and  AM.  Many 
other  features,  Armstrong  circui. 


WWV  FREQUENCY 
CALIBRATOR 


Full,  accurate  use  of  station 
WWV,  the  world's  finest  primary 
frequency  and  time  standard,  is 
obtained  from  the  Browning 
Model  RH-10  Standard  Frequency 
Calibrator. 


OTHER  EQUIPMENT  manufactured 
by  Browning  Laboratories'  incktdes 
an  accurate  frequency  meter^nd 
ECO  Model  MJ-9.  for  operating  in 
the  Ham  bands,  and  a  freqs^cy 
meter  (Model  S-4)  especially  dfsign- 
ed  for  checking  mobile  transmp^rs. 


All  Syakote  win  has  uausaally  toagh, 
prattleally  age-proof  iasalatioa. 

_ *Re9.U.S.PQt.OH. 


BUSINESS  NEWS 

Houston  Corp.,  Los  Angeles,  Cal., 
received  a  $1,000,000  Navy  contract 
for  the  manufacture  of  100  new  air¬ 
borne  radar  sets  to  be  used  in  all 
four-engine  transport  planes  of  the 


SALES  and  EXECUTIVE  OFFICES 
i  19  WEST  44th  STREET 
I  NEW  YORK  18,  N.Y. 
Factory:  Hamburg,  N.  J, 
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Concord 


AfaU  C.O\iPOU  TODAY! 


F.w:  STEWART  MFC.  CORP. 

4311-13  RAVENSWOOD  AVE. 
CHICAGO  13,  ILL. 

WEST  COAST  BRANCH: 

431  Venice  Blvd.;  Lot  An9elet  IS,  Cal. 


RADIO  CORPORATION 

lAFAYtTTt  RADIO  CORPORATION 

CHICAGO  7.  ILL.  ATLANTA}.  GA 

SOI  W.  Jaehten  Blvd. _ 20S  Peachtree  tt 


ELECTRICAL  &  ELECTRONIC 

IQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 


We  Heke 

Complete 
Equipment 
hr  The 
Manufacture 
Of  Incandes¬ 
cent  Lamps 
Radio  and  Elec¬ 
tronic  Tubes. 


TRANSFORMERS  OF  ALL  TYPES 


■  Sizes  1/4  To  250  KVA 

SPOT  WELDERS 

OF  AU  TYPES 
FOR  ALL  PURFOSES 
SIZES  Va  to  250  KVA 
Bett  Welders  •  Gee  Welders 
Arc  WeldM^ 

Neoe  Si9«  Ualts 
Fluoresceet  Tube 
Moniifeeteriag  Eqalpeieet 

CHAS.  EISLER 

EISLER  ENGINEERING  CO..  INC. 

7tl  Be.  I3tli  8t.  (Near  Avon  Ave.).  Newark  3.  N.  J. 


FLEXIBLE  SHAFTS 


that  carry  power 
around  any  corner 
have  many  new  uses 
in  peace-time  develop¬ 
ments.  Faithful,  de¬ 
pendable  power  drives 
or  remote  control  in 
airplanes,  automobiles, 
radio,  and  many  other 
commercial  products. 

Shafts  made  to  your 
specifications.  Our  en¬ 
gineering  department 
will  work  out  your 
particular  power  prob¬ 
lem  without  obliga¬ 
tion. 

Write  today  for 
Manual  D 


INDUSTRIAL  ELECTRONIC 
and  TEST  EQUIPMENT  •  RADIO 
PARTS  •  SETS  •  AMPLIFIERS 


Thin  it  It — the  new  1947  Concord  CataloC-  a  vent, 
complete  selection  of  everything  In  Kadio  and 
Kiectronics  thousands  of  Items  available  for 
IMMKOl.STK  SHIPMENT  from  CHU:At;U  or 
AT1..\NTA— hundreds  now  available  for  the  first 
time  featuring  new,  latest  1947  prices.  See  new 
I.OWKK  prices  on  R  AOIO  SETS.  PHONO-R  ADIOS. 
RECORD  CHANCERS.  RECORD  PLAYERS, 
PORTABLES.  AMPLIFIERS.  COMPLETE  SOUND 
SYSTEMS,  TESTERS.  See  latest  listings  uf  stand¬ 
ard,  dependable  lines  uf  radio  parts  and  equip¬ 
ment-  Tubes,  condensers,  transformers,  relays, 
etc.  Mall  coupon  for  FREE  f:OPY— NOW! 


ITIME  PAYMENTS:  Wine  us  fM  dstsils  ol  time  psyawnt  pitn  on 
Coniniuniciticns  Recsivtfs,  Ampliliecs,  Test  Equipnwnl,  Rsdios, 


|Phono  Rsdiot.etc. 


CetKord  Rwdie  Corporation,  Dept.  <r-97 
«01  W.  JwcksMi  Blvd.,  Chicaqo  7,  IH. 

Yen,  rush  FREE  COPY  of  the  comprehensive  new 
Concord  Radio  Catalog. 


Name, 


Addres-s 
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OVERALl  DERTH  INCH 
DIAMETER  .  .  1%  INCH 
HURS  ORIllED  FOR  %  INCH 
SHAFTS 


bulli 

>pli- 

NC., 
ised 
30  r- 
can 


ANOTHER 
SRECUl  BY 
FROGRESSIYE 


FC-46-S 

INSULATED 

FLEXIBLE  COUPLING 

Th*  FC-46-S  it  a  sturdy  flcxibl*  coupling 
which  will  prevido  a  linhogo  botwoon 
angularly  misolignod  shafts  without 
causing  bachlath  or  play. 

Tha  forcot  dovolopod  in  tho  coupling 
aro  uniform  os  tho  shaft  it  rototod, 
which  givot  you  that  SMOOTH  fooling 
os  vou  turn  tho  shaft, 

WRITE  FOR  FOIOER 

TIE  lUMMUNI  HFI.  CR.,  MC,.  4M  «.  M"  IT,.  RtW  THR 1.  RT, 
■*a«r*«rootos  or  moitiou  coaaiNiiCATimt  tomracoT 


acto^^  .  - - - 

lot- 

aauiv*-  .11  Write  , 

^r;;oo«ss.vLis.: 


FRACTIONAL  H.P.  MOTOR 


SYNCHRONOUS  OR  INDUCTION 
MOTORS.  OESlGNtD  AS  SPLIT 
PHASE.  SINGLE  VALUE  CAPACt 
TOR  OR  THREE  PHASE  TYPES 

TH6  nt'w  Model  '  G  tlmco  nr*otofs  ore 
rated  o\  synchronous  motors  at  I  20 
ho  Ot  I80C  rpm.  qs  induction  mqfors 
ot  \  10  Ot  1700  rpm.  115  volts  6C  cycle 

AC  A  wide  variety  ol  other  specifications 
con  be  fiMed  depending  on  requirements 


Mociel '  G  motors  ore  4  3  8  dio  .  5  7  8 
long  and  internal  Eon  cooled  Cost  otumi 
num  housings  ond  end  brockets,  wrinkle 
hmsh  Equipped  with  boll  beormgs.  single 
shield  instrument  type  Either  bose  Of  face 
mounted  Avoiloblc  with  automatic  reset 
thermal  overload  proteetton  and  os  totally 
enclosed  units  ot  reduced  ratings 


ELECTRIC  INDICATOR  CO. 

PARKER  AVE..  STAMFORD.  CONN 


Sr  lioof! 


IFD  TOGGLE  SWnCHES 
IFD  AUTO  CONDENSERS 
IFD  ANTENNA  LOOPS 
IFD  AUTO  ANTENNAS  { 
IFD  BATTERY  PLUGS  < 
IFD  NOISE  FILTERS 
IFD  DIAL  POINTERS  / 
IFD  TUBE  SHIELOS  f ! 
IFD  SUPPRESSORS  \ 
IFD  RADIO  WIRE 
IFD  DIAL  BELTS 
IFD  TEST  LEADS  Aj 
IFD  DIAL  CORD 


IFD  "SOCIETTE"  RADIO  TUBE  ADAPTERS 
IFD  EXACT  DUPUCATE  BALLAST  TUBES 
IFD  SERVICEMEN'S  AUGNMENT  TOOLS 
IFD  PHOSPHOR  BRONZE  DIAL  CABLE 
IFD  FLEXIRLE  SHAFTING  A  CASING 
IFD  BATTERY  ADAPTER  HARNESSES 
IFD  STEPDOWN  RESISTANCE  CORDS 
IFD  ADIUSTABLE  BALLAST  TUBES 
IFD  RESISTANCE  CORD  ADAPTERS 
IFD  SPEAKER  CEMENT  A  SOLVENT 
IFD  FM  A  TELEVISION  ANTENNAS 
,  IFD  REMOTE-O-CABLE  REPLACER  ^ 

I  IFD  PHONO  ADAPTER  SWnCHES 

IFD  TRIK  HOLD  SCREWDRIVERS 
IFD  MICROPHONE  CONNECTORS 
IFD  FM  A  TELEVISION  LEADS  ^ 

1^  IFD  STEPDOWN  TRANSFORMERS 
l|^  IFD  WIRE  WINDING  MACHINES 
[V  *IFD  MIDGET  lACKS  A  PLUGS 
W  IFD  HOME  RECORDING  DISCS 

IFD  AUTO  RADIO  FITTINGS  Wg 
V  IFD  BAKEUTE  DIAL  KNOBS 

]  IFD  PHONOGRAPH  NEEDLES  m 

IFD  RADIO  TUBE  SOCKETS  1 

\  IFD  NEUTRALIZING  TOOLS  . 

IFD  STEPDOWN  BALLASTS 

IFD  RESISTANCE  CORDS  ^ 

IFD  AC  SERVICE  CORDS  ^ 


# 


J.F.D.  MANUFACTURING  CO. 


4111  FT.  HAMILTON  PARKWAY| 
BROOKLYN  19.  N. 
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NEWS  OF  THE  INDUSTRY  (continued) 

Naval  Air  Transport  Service.  The 
new  APS-42  radar,  weighing  ap¬ 
proximately  150  lb,  uses  a  5-inch 
ppi  screen  to’  give  the  pilot  a  radar 
map  of  220  degrees  of  terrain  ahead 
of  the  plane  if  the  radar  scanner 
is  mounted  in  the  nose,  or  a  com¬ 
plete  360-degree  map  if  the  scan¬ 
ner  is  placed  under  the  fuselage. 

Air  King  Products  Co.,  Inc., 
Brboklyn,  N.  Y.,  has  acquired  an 
additional  plant,  occupying  an  en- 


unuTv 


CAN  COVERED 
MOUNTINGS  FOR 
3  AG  FUSES 


New  I2-pofe  Littelfuse  unit  saws  into 
single  or  multiple  mountings. 

Be  instantly  ready  to  supply  any  length  open 
fuse-mounting  panel;  also  simplify  your  parts 
inventory.  Stock  all  live  available  styles  of  this 
new  Littelfuse  12-pole  unit.  Saw  them  to  I,  2, 
3,  4  or  more  ^le-lengths  in  your  own  plant  as 
needed ;  or  order  them  cut  to  your  specifications. 

Solder-terminal  types  are  available  in  3  and 
8  AG  capacities.  Terminals  t^e  integral  parts  of 
clips.  • 

Screw-terminal  types  available  in  3,  4  and 
5  AG  capacities.  Send  for  Littelfuse  Catalog 
No.  9  today. 


Kalifur-resitlant  nickel  plated  phetpher 
bronze  clips — mounted  on  blaek  Bakelite  bate. 
Solder  terminals  extend  through  base.  Avail¬ 
able  in  single  and  double  pole  and  mjm 
combination  types.  KV 

3  AG  “SLO-ILO”  LITTELFUSES 

High  time  lag  withstands  heavy 
surges  —  yet  is  quick  on  shorts.  De-  ml 
signed  for  use  with  magnets,  sole-  Jw 
noids,  etc.:  and  for  intermittent  duty  ii|£ 
circuits  with  heavy  starting  currents, 
Anii-faligur  construction.  w J 


Now  Air  King  plant 

tire  city  block  at  170  53rd  St.,  for 
straight-line  manufacture  of  radio 
sets. 

Ray-O-Vac  Co.,  Madison,  Wiscon¬ 
sin,  announces  formation  of  a  sub¬ 
sidiary,  the  Specialty  Battery  Co., 
which  will  manufacture  dry  batter¬ 
ies  for  highly  specialized  purposes 
in  the  electronics  field. 

Case  School  of  Applied  Science, 
Cleveland,  Ohio,  recently  changed 
its  name  to  Case  Institute  of  Tech¬ 
nology. 

North  American  Philips  Co., 
Inc.,  New  York  City,  has  acquired 
a  new  2i-story  concrete  factory 
building  in  Mount  Vernon,  N.  Y. 
for  expansion  of  x-ray  production. 

Solar  Mfg.  Corp.  has  moved  its 
general  offices  from  New  York  City 
to  its  main  Eastern  plant  in  North 
Bergen,  N.  J. 

Magnavox  Co.,  Ft.  Wayne,  Indiana, 
has  begun  construction  of  a  $1,000,- 
000  factory  at  Paducah,  Kentucky 
for  manufacture  of  loudspeakers. 


47«9  N.  RAVENSWOOD  AVE'  ^  CHICAGO  40,  U.S.A. 

nmOWTE  •  KMTIWTIin  '  NEM  HttlClTNS  •  SffITCIES  •  CIRCin  MEUEU  •  FlSa,  MNHTWfiS  AM  KCEJIMES 


TRIODES 


The  superior! fy  of  o 
friode  amplifier  is 
mosf  apparent  in  the 
final  fesf . . .  listening 


'^'AUTOMATIC  BIAS  CONTROL  grtolly  inertastt 
undislorted  power  at  moderate  cost. 

Y^Gain— 55  to  120  db  in  various  models. 

#Bass  and  treble  compensation  —  Two-stago 
tapped  condenser-resistor  networks. 

Y^lnput-38,  150,  500/600  and  500,000  ohms. 
Output— 1 .5  to  30  ohms  ond  500  ohms. 

'^Power  available  for  other  units  — 250  volts, 
0.090  A  DC;  6.6  volts,  5  A. 

^Fuses— Main  power  and  6B4G  ploto  lino. 

;f^AHractivoly  finished  chassis.  High  qualify 
components.  Finest  workmonship. 


A’TRIODE  tubes  used  throughout.  2  — 6B4C, 
4— 7A4,  2-7N7,  1-SU4G,  1-SY3G. 

^Ttiree  push-pull  stages  preceded  by  an  in¬ 
verter  stage. 

Ykinterstage  transformer  insures  good  push-pull 
balance. 

AFIot  within  1  db  to  25  cycles  at  full  power  and 
to  4  cycles  at  reduced  power. 

'A'Flat  within  0.2  db  to  30,000  cycles. 

YkO.6%  harmonic  distortion  and  0.2%  inter¬ 
modulation  distortion  at  5  watts. 

'A'Rated  power— 30  watts  at  2V2%  total 
distortion. 


New  Magnavox  plant  now  being  bull! 

transformers,  and  household  appli¬ 
ances. 
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Use  LINDE  Synthetic 
Sapphire  At  Points  af  Wear 


Linde  synthetic  sapphire  offers  definite  ad¬ 
vantages  for  small  parts  at  points  of  wear. 
Sapphire  is  hard  —  takes  and  retains  a  high 
polish.  These  properties  show  why. 


1.  IlardneiM  (Knoop)  1,525  to  2,000  4.  Chemical  KesMtaiu-e 

2.  Melting  Point  .  .  2,030  deg.  C.  5.  Coefficient  of  Fwt'pn 


3.  Unicrystalline  Structure 


I  (ring  bearing  against  high- 
’  carbon  steel  pivot) 


All  acids 
.  0.140 


Half  boules,  weighing 
up  to  150  carats 


Write  for  the  Linde  Synthetic  Sapphire  Technical 
Data  Sheet  No.  3.  ‘It  may  suggest  further  uses 
where  you  have  problems  of  small  parts  wear. 


The  Linde  Air  Products  Company 

Unit  of  Union  Carbide  and  Carbon  Corporation 
30  East  42nd  Street  |IH^  ‘New  York  17,  N.  Y. 
In  Canada: 

Dominion  Oxygen  Company,  Limited,  Toronto 


Rods,  0.065  in 

to  0  125  in  diameter 


rbe  word  ’^Lindc**  is  a  trade«iiiark  uf  The  l^tnde  Air  Froducta  Company 


BAACH-INTERNATIONAL 

_  EIGHT  HEAD 


FLARE  MACHINE 


Automatic  throuQhout. 

Can  ba  tynchronliad 
with  automatic  Stam 
machina. 

Cuts  off  and  flarat  In 
ona  aparatlon. 

Production  I2S0  flaras 
par  hour.  For  mlnla- 
tura  flM'as,  fluorat- 
cant  startars,  stand¬ 
ard  sha  lamps,  fluo- 
rascant  and  radio 
tubas. 

RANCI  Off  hlACHINI 
Mom  feMnf 
27  to  4S  90x9# 

LemfHi  ef  Rarea 
5  mm.  to  to  mm. 


Olmontieas 
24"i24”a72"  I 


47  mm.  diem. 

Nat  wai9ht,  940  Iba. 
Orota  wotakt 
1450  lbs. 


INTERNATIONAl  MACHINE  WORKS 

Moaefeeterera  et  Hlgb  Veeaem  ffeaipa,  4«fe- 
metle  Mechtoary  ter  lacoadaacaat  Leaipa, 
tiaetraalc  Tabaa  alaca  1914. 

2027  .  44TH  STRUT 
NORTH  REROEN,  N.  J..  U.  S.  A. 

Tal.  UNIaa  9-7412 

CaMa  A44ram  “latarmaab”  Narth  Baraaa.  N.  J. 


mOMOSTATK  IHETAL  TYfB 

Dmy  Rcm 


PROVIDE  DELAYS  RANGING 
FROM  I  TO  120  SECONDS 

EATURES: — Compensated  lor  ambient  temperature  changes  from 
— 40*  to  110*  F  . . .  Hermetically  sealed:  not  affected  by  cdtitude,  moistwe 
or  other  climate  changes  .  .  .  Explosion-proof  .  .  .  Octal  radio  base  . .  . 
Compact,  light  rxigged.  inexpensiTe  .  .  .  Circuits  available:  SPST  Nor¬ 
mally  Open;  SPST  NormaUy  Cloeed. 

PROBLEM?  Send  for  "Special  Problem  Sheet"  and  Bulletin. 


/utpoun  RiGULATO 


■~*io 

t-  ‘./OLTAr.E  'K  .tv 
2  EATTERY  A  CHARGER 
- -  VARIES  APFR.  X 


Amperlte  REGULATORS  are  the  simplest  lightest  cheapest  and  most  compact  mediod 
oi  ^cdning  current  or  voltage  regulation  .  .  .  For  currents  of  .060  to  8.0  Amps  . .  . 

Hsrmeticolly  sealed;  not  affected  by  altitude,  ambient  temperature,-  humidity. 
Write  for  i^xige  Illustrated  Bulletin. 
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FOR  PERSONALIZED 
ATTENTION  | 
TO  YOUR  I 
RESISTANCE  WIRE 
PROBLEMS  1 


PANALYZOR 


kilocycles 


The  C.  0.  JELLIFF 
MANUFACTURING 
CORPORATION 

SOUTHPORT,  CONN. 


RROIO  CORPORATION 


NEWS  OF  THE  INDUSTRY  (rontmuod) 

Brass  Company  and  the  production 
equipment  for  the  manufacture  of 
flexible  waveguides. 

INSULINE  CORP.  OF  AMERICA  re¬ 
cently  added  another  25,000  sq  ft 
to  its  modern  plant  facilities  in 
Long  Island  City,  N.  Y. 

Arlington  Electrical  Products, 
Inc.,  18  W.  25th  St.,  New  York  10, 
N.  Y.,  was  recently  formed  for  the 
manufacture  of  audio  equipment, 
motion  picture  items,  and  allied 
products. 

Arcturus  Radio  &  Television 
CoRP.,  Newark,  N.  J.,  newly-formed 
associate  company  of  Standard 
Arcturus  Corp.,  is  now  producing 
television  receivers. 

Kent  Cliff  Laboratories,  Peeks- 
kill,  N.  Y.,  has  been  organized  by 
David  F.  Sklar-  for  consultation, 
development,  and  manufacture  of 
precision  electronic  and  mechani¬ 
cal  products. 

RCA  Victor  Division  announces 
signing  of  a  contract  with  Warner 
Bros.  Pictures,  Inc.  for  a  joint  pro¬ 
gram  of  research  on  large-screen 
television  for  theaters.  In  connec- 


Eliminates  tedious,  time  consum¬ 
ing  point  by  point  frequency 
checks.  It  shows  simultane¬ 
ously,  in  one  complete  picture, 
an  FM'd  carrier  and  resultant 
sidebands  ...  in  terms  of  rela¬ 
tive  frequency,  amplitude  and 
stability.  . 


CONSULT  JELLIFF 


When  confronted  with  any  resistance  problem, 
lake  advantage  of  the  diversified  experiences  of 
JcUiff  in  selecting  the  proper  alloys  for  your 
specific  applications. 

For  recommendations,  literature,  prices  and  de¬ 
livery  of  Jelliff  Quality  Alloys  gel  in  touch  whh 
our  nearest  sales  representative  or  communicate 
direct  %rith  Southport,  Connecticut.  Write  or 
*  phone  for  Prompt  Action. 

JELLIFF  SALES  REPRESENTATIVES 

BOSTON,  MASS.  PiKMie:  LIBERTY  1277 

White  Sales  Co.,  Room  J02,  10  High  Sc. 

CHICAGO,  III.  Phone:  STATE  S292 

William  Maxwell  Co.,  107  N.  Wacker  Drive 

QEYEUNO,  OHIO  Phone:  MAIN  8585 

A.  }.  Loeb  Sales  Co.,  1836  Euclid  Ave.  So. 

LOS  ANGELES,  CAUF.  Phone:  TRINITY  7353 

Pcrhnuth-Colman  Associates,  942  Maple  Ave. 

MINNEAPOLIS,  MINN.  Phone:  GENEVA  3373 

Voko  Company,  622  McKnight  Building 

NEW  YORK,  N.  Y.  Phone:  CALEDONIA  5-1776 

R.  B.  Dana  Company,  101  Park  Ave. 

PHIU.,  PA.  Phone:  KINGSLEY  5-1205 

S.  K.  MacDonald,  1331  SprtKc  St. 

PITTSBURGH,  PA.  Phone:  CEDAR  3000 

Wm.  M.  Otr  Co.,  1228  Brighton  Rd. 

ROCHESTER,  N.  Y.  Phone:  MONROE  5392 

J.  R.  Hanna,  P.  O.  Box  93,  Brighton  Station 

SEATTLE,  WASH.  Phonr.  SE-0193 

Pcrlmuth'Colman  Asaociatet,  704  Third  Avenue 

HULL,  QUE.,  CANADA 

Mica  Co.  of  Canada,  Ltd.,  P.  O.  Box  189 


MOOULaTtONo  SVMMCTHICaL 

A  single  observation  enables 
determination  of  such  perform¬ 
ance  details  as  frequency 
deviation,  energy  distr^ution, 
sideband  content,  carrier  shift 
and  modulation  symmetry  .  .  . 
Operating  procedures  are  sim¬ 
ple  . . .  interpretations  clear  cut. 

Actually,  the  PANALYZOR  is  a 
panoramic  spectrum  analyzor 
which  shows,  distributed  in  fre¬ 
quency,  discrete  quantities  of 
r-f  energy  as  vertical  deflections 
on  a  cathode-ray  tube. 

Standard  models  now  available 
with  maximum  scanning  widths 
of  50  KC  to  20  MC  and  corre¬ 
sponding  resolutions  of  2.5  KC 
to  100  KC. 

Write,  wire  or  phone  now  ior 
recominendations,  specilications, 
prices  and  delivery  time. 


RCA  Tice-pretident  W.  W.  Watti  (Mt)  and 
Col.  N.  LoTinson  oi  Warner  Bros,  demon¬ 
strate  magniiying  power  of  42-inch  spher¬ 
ical  mirror  used  in  RCA's  large-screen 


for  itudio  •  laboratory  •  manufacturer 


NEWS  OF  THE  INDUSTRY  (continued) 

search  and  installation  of  new  ap¬ 
plications  of  electronics  and  ultra¬ 
sonics  in  food  packaging,  process¬ 
ing,  and  sterilization. 

Robert  F.  Jones,  Jr.,  Lima,  Ohio, 
received  unanimous  Senate  confir¬ 
mation  as  new  member  of  the  FCC. 
He  will  resign  as  a  congressman  to 
fill  the  post  left  by  former  Commis¬ 
sioner  Ray  C.  Wakefield. 


Model  PT  101 — ^Television 


M.  V.  Kiebart.  Jr. 


Martin  V.  Kiebert;  Jr.,  has  joined 
the  firm  of  Sherman  Fairchild  and 
Associates,  New  York  City,  and 
will  serve  as  consultant  on  aircraft 
telemetering,  radar,  servo  mechan¬ 
isms,  •  remote  control,  and  instru¬ 
mentation. 


FEATURES 

•  Built-In  3*  osclllodcope  with  synchroni»«*<i  8W'eep<i  for 
Tiewing  Timing  and  Video  Output  puhie  wave  forms. 

•  Synchronized  marker  system  for  decking  pulse  width 
and  rise  time. 

•  Extreme  stability,  insured  by  deriving  ali  puises  from 
leading  edge  of  master  oeciUator  pulse. 

•  Means  for  checking  synchronizing  pulses  in  odd  and 
even  Helds. 


Nicholas  J.  Rose,  now  with  Na¬ 
tional  Radio  Research  Laboratories 
in  New  York  City,  will  specialize  in 
mechanical  applications  of  elec¬ 
tronic  controls  on  a  consultant 
basis. 


SrECIFICATIONS 

SS5  line,  interlaced.  60  fields,  30  frames,  RMA  Synchron¬ 
izing  pulses  held  to  tolerance  specified  in  the  NRTPB 
report  of  1945.  Output  Ihilses:  Synchronizing.  Video 
Blanking.  Camera  Blanking.  Horisontal  Driving.  Vertical 
Driving  Pulses.  5  volts  across  100  ohm  termination. 
Dual  output  jacks.  115  volU  50/60  cps.  Complete  with 

TELEVISION 
f  MONOSCOPE 
^  SIGNAL 
9  SOURCE 

Model  PT  102 


P.  C,  Sandretto  has  been  named  di¬ 
rector  of  aviation  for  the  Interna¬ 
tional  Telecommunication  Labora¬ 
tories.  He  joined  IT&T  late  last 
year  upon  leaving  the  Army  as  a 
full  colonel  and  receiving  a  citation 
and  a  Bronze  Star  for  his  electron¬ 
ics  work  and  its  contribution  to  the 
efficiency  of  the  B-29  program  in 
the  Central  Pacific. 


•  Camposite  Video  Signal 

•  Wide  Band  Video  Amgll- 
fler,  6  DB  down  at  lOMC 

•  Dual  outputs  for  feeding 
two  75  or  100  lines 

e  Black  positive  or  Black 
negative  output 

e  Resolution  greater  than 
600  lines 

INPUT:  V'ertical  and  Hori¬ 

zontal  Driving 
pulses.  Camera 
and  Kinescope 
Itlanklng  Pulses. 

OUTPUT;  Composite  Video 
Signal.  3  volts, 
100  ohm  line  115 
volts  50/60  cps. 
Complete  with 
tubes  and  includ¬ 
ing  high  and  low 
voltage  power 
units.  < 


Charles  J.  Pannill,  with  RCA 
since  1928,  recently  retired  as  pres¬ 
ident  and  director  of  Radiomarine 
Corp.  of  America. 

Harry  C.  Ingles  has  been  elected 
a  director  of  Radio  Corporation  of 
America,  succeeding  Edward  W. 
Harden  who  retires  after  serving 
on  the  board  since  1919. 

L.  M.  Temple  has  been  appointed 
chief  engineer  of  the  battery  divi¬ 
sion  of  the  Winchester  Repeating 
Arms  Company  division  of  Olin  In¬ 
dustries,  Inc.  He  was  formerly 
chief  engineer  of  the  Eveready  divi- 


«  FERRY  STREET 
NEW  YORK  7,  N.  Y. 


Tpipvitioa  pp^iiMwrg  and  eonsultanH  to 
tho  nation's  9roat  tolovision  stations. 


PHOTO  ELECTRIC 
CELLS 


Luxtron*  photocoils  convort  light 
diroctly  into  oloctricol  onorgy.  No 
oxtornal  sourco  of  voltogo  is  rt- 
quirod.  Motors  and  roloys  con  bo 
oporotod  diroctly  from  Brodloy 
Luxtron  photocolls,  improving  con¬ 
trol  ovor  manufacturing  oporations, 
roducing  your  costs.  Thoy  moot  tho 
most  oxacting  roquiromonts.  Ad¬ 
vanced  manufacturing  tochniquos 
make  light-actuated  Bradley  colls 
tho  choice  all  ovor  tho  world. 

Besides  tho  housed  model  shown 
with  its  plug-in  contacts,  Brodloy 
also  offers  tube  socket,  nut-and-bolt 
types  and  pigtail  contact  mount¬ 
ings.  In  addition,  Luxtron  un¬ 
mounted  cells  are  available  in 
many  different  sizes  and  shapes. 


illustrated  literature, 
available  on  request, 
shows  more  models  of 
Brodiey  photocells,  plus 
o  line  of  copper  oxide 
and.  selenium  rectifiers. 
Write  for  "The  Bradley 
Line." 


September,  1947  —  ELECTRONICS 


ffffl/Sti 


The  Linde  Air  Products  Company 

•  .mUnit  of  Urnon  Cofb»de  and  Co^bon  Corpo^o^  or» 

30  EosI  42nd  Sf.  fTT?i  New  York  17,  N  Y. 


STAMFORD  METAL  SPECIALTY  CO.,  429  W.  BROADWAY.  N.  Y. 12 


7C/»t4  St 


COLLINS 

FM  and  FM/AM  TUNERS 


AUTOMATIC-FEED  SOLDERINC  IRONS  AND  ACCESSORIES 


1 1  tube  FM  chassis  unit 


17  TUBE 

FM/AM 

TUNER. 

CUSTOM 

BUILT 

TO  YOUR 
ORDER 


STANDARD 

EJECT-O-MATIC 


High-h«at  100  and  ISO-watt 
modaU  for  qanaral  haavy 
alactrical,  alactronic  and 
rapatr  work,  Alto  availa- 
bla  In  long-notad  "intfru- 
mant"  modal.  Waiqht  only 
22  at. 


Popular  50  and  75-watt  mod- 
alt  for  ganaral  radio  and 
alactrical  work.  Spaclal  lonq- 
notad  modalt  availabla  for 
ioldaring  Intida  daap  racap- 
taclat,  hard-to-gat  ralayt  and 
attambliat.*  Walght  only  IS 
oz. 


Traadla  oparatad  —  laavat 
both  handt  fraa  to  hold 
work.  Pra-haatt  and  toldart 
work  with  ona  aaty  foot 
movamant.  Takat  ali  Ejact- 
O-Matic  ironi. 


complete  line  now  available 


TIPS—  Multi-clad  tips  availabla  eight 

Send  for  new  catalog  and  prices. 

MULTI-PRODUCTSTOOLCO.  123  Sussex  avenue,  Newark,  n.  j 


Write  for  literature  on  our  FM 
components  and  matched  ampli¬ 
fiers 

Collins  Audio  Products  Co.,  Inc. 

126  Park  Street  Westfield,  N.  J. 


N.  W.  1.  CUSTOM  MADE 

ELECTilCAL 

COILS  &  TRANSFORMERS 

FOR  ELECTRONIC  APPLICATIONS 

More  than  20  yean  of  apecial  coil  and  tranaformer 
manufacturing  for  industry,  laborotory.  research  and 
instrument  makers. 

•  Unitt  50  VA  to  100  KVA.  M  to  400 
Cyciet  oniy. 

•  Prompt  Service  on  single  or  smell  lots. 

•  Specialist  in  special  transformars  A 

coils  for  rataarch,  axparlmantal  and  ^*11^ 

product  davalopmant  work. 

Nothelfer  Winding  Laboratories 

9  Albemarle  Ave.  Trenton  3,  N.  J. 


INSTRUMENT  HOUSINGS  •  PANES  •  CHASSIS 

“^CnMU^acCipted  U  yxps  ^e^tUrtemotU 


Experienced  fabrication  and  dependable  service 
for  all  typai  of  radio  ond  alactronic  ports.  Send 
us  your  drawirsgt  and  specifications  for  quotation. 
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NEWS  OF  THE  INDUSTRY  (coirtiiiutd) 

sion,  National  Carbon  Go.,  and 
there  developed  an  economizer  cir¬ 
cuit  for  portable  radios. 

Philip  I.  Merryman,  formerly 
manager  of  the  planning  and  devel¬ 
opment  division  of  NBC,  has 
formed  a  new  firm  of  radio  consult¬ 
ants  in  partnership  with  H.  V.  An¬ 
derson  of  New  Orleans. 


Robert  K  Dixon,  previously  en¬ 
gaged  in  radar  beacon  development 
at  Submarine  Signal  Co.,  is  the 
newly  appointed  product  manager 
of  broadcast  equipment  in  Ray* 
theon’s  Commercial  Products  Divi¬ 
sion. 


George  J.  Maki,  previously  asso¬ 
ciated  with  Collins  Radio  Co.,  has 
established  his  own  office  as  radio¬ 
telegraph  consultant  at  Moraga, 
Cal. 


Arthur  Winters  has  established 
Winters  Radio  Laboratory  at  11 
Warren  St.,  New  York  City  for  spe¬ 
cialized  servicing  of  communication 
equipment  and  television  receivers. 
His  firm  is  now  the  authorized 
Hallicrafters  service  center  for  the 
northeastern  area. 


P«  I«  tforryinoii  S.  Brocken 

Stanley  Bracken,  executive  vice- 
president  of  Western  Electric  Co., 
was  elected  president  to  succeed  re¬ 
tiring  president  Clarence  G.  Stoll. 

Clark  C.  Rodiman,  managing  edi¬ 
tor  of  QST  for  over  JIO  years  before 
the  war,  is  now  with  National  Co., 
Inc.,  Malden,  Mass. 


C.  C.  wodhacra 


B.  K.  Dixea 


rWIN  POWER  SUPPLY 


imuty  makes  it  a  most  use¬ 
ful  instrument  for  laboratory  and  test  station  work.  Three 
power  ranges  are  instantly  selected  with  a  rotary  switch: 

175-350  V,  at  O-iO  Ms.,  tsrminstsd  and  controllad  indapsndsntly, 
may  ba  utad  to  supply  2  saparata  raquirantants. 

0-175  V.  at  0-M  Ma.  for  singta  supply. 

175-350  V.  at  0-120  Ma.  for  slngla  supply. 

In  addition,  a  convenient  6.3  V.A.C.  hlament  source  is 
provided.  The  normally  floating  system  is  properly  ter¬ 
minated  for  external  grounding  when  desired.  Ade¬ 
quately  protected,  against  overloads. 


•  Ontpat  veltag*  varia¬ 
tion  loss  than  1%  with 
ehango  from  0  to  fall 
load. 

•  Ontpnt  voltage  varia¬ 
tion  less  than  1  V.  with 
change  from  105  to 
125  A.C.  Line  Voltage. 

e  Ontpnt  ripple  and 
noise  less  than  .025  V. 


Twin  Power  Supply  Model  210  Complete  $115.00  F.O.B.  Chicago 
Dimensions:  16"  x  8"  x  8"  Shipping  Wt.  35  lbs. 

(Other  types  for  your  special  requirements) 

SOME  TERRITORIES  STILL  AVAILABLE  FOR  REPRESENTATIVES 


806  W:  NORTH  AVENUE.  CHICAGO  22.  ILLINOIS 


Now  ready  for  you  — 


FACTS  ABOUT  A  NEW 
SILVER  BRAZING  ALLOY 
THAT  STREAMLINES 
DESIGN,  PRODUCTION,  COSTS 
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WHO’S  WHO  IN  SOUND 


Internationally  famous  detecta* 
phone,  midget  transmitter,  call 
system,  experimental  and  special 
operator.  "Pocket  watch”  size. 
Well  insulated.  200  Ohms.  Level: 
•12db  (6  mv/100  bars).  Ask  for 


UNIVERSAL 
A174  CARBON 
MICROPHONE 

See  Our  Exhibit 
3rd  Atuiual 
Electronics  Trade 
Show,  San  Fran- 
dsco.  Sept.  26, 
27,  28 


0Utica.t 


STASILIZEV' 


HI 7  CRYSTAL  FOR 
AIRLINES  AND  VHF  EQUIPMENT 

EapecioUr  designed  ier  all  types  oi 
airliae  and  VHF  equipment,  the  H17 
"Stabilised"  Crystal  is  rendering  outstand¬ 
ing  performance  in  this  equipment.  Pin 
spoeing  permits  two  units  to  be  mounted 
in  loctol  socket. 

When  dereloping  new  equipment,  write 
IE  for  pre-production  samples.  Just  ad¬ 
dress  the  Specification  Department. 


Writ*  For  Illustrated  Folder 


r 


The  JAMES  KNIGHTS  CO. 

SANDWICH,  ILLINOIS 


COAXIAL  CABLE  RELAYS 

for  high  frequency  switching 

Two  Sizes:  50  Watt  and  250  Watt  Capacity 
— standard  coil  operating  voltages  AC  or  DC. 


(%rdi  actual  size) 

(t/j  actual  size) 

Write  for  Descriptive  Literature '  CE6 

KEYING  REUYS  • 

SENSITIVE  AND 
MEDIUM  DUTY 
POWER  RELAYS 


NIliWL  E\lil\i;Ki;i\(i  WK.  I'll. 


i.ii  wr.sr  Mill  Si.,  .nkw  yokk  ii.  n.  ^ 


P4 


/  i'ej'erreci  i 

as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to  \ 
your  specifications  | 


CUP  WASHERS  manutacTurea  to 
for  Binding  Screws  specifications 

WHITEHEAD  STAMPING  CO. 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 


JUST  ANOTHER  TRANSfORMER. 

OR  GUARANTEED 

terminal  performance. 


TRANSFORMERS  -  COILS 

Any  or  all  Typea  built  to  individual  apecifications 

RESEARCH* DESIGN* PRODUCTION 

Single  Itema  or  Quantity  Production 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

2*21  WEST  OllyE  STEEET  BURBANK.  CALIFORNIA 


NEW  BOOKS 


MAIL  COUPON  rOR  FREE  BOOKLET 


PRECISION 


APPARATUS  CO.,  Inc 
92-27  Horace  Harciing  Blvd 
Elmhurst  10,  N.  Y. 


SNCD! 

AceoKAcy/ 

sfAmietw 

emaiAcy/ 


Klystron  Tubes 

By  a.  E.  Harrison,  Aasistant  Profes¬ 
sor  of  Electrical  Engineering,  Prince¬ 
ton  University;  formerly  klystron  ap¬ 
plications  engineer,  Sperry  Gyroscope 
Co.  McGraw-Hill  Book  Co.,  New  Yock, 
1H7,  tri  pages,  $3.50. 

Behavior  of  various  types  of  kly¬ 
strons  is  explained  as  a  detailed  in¬ 
troduction  to  them  for  both  tube 
designers  and  electronic  applica¬ 
tion  engineers.  The  book  coordi¬ 
nates  functions  of  cavities  and  elec¬ 
tron  beams  as  used  in  amplifier, 
multiplier,  oscillator,  ar.d  detector 
klystrons.  Methods  of  modulation 
and  measurement  are  also  de¬ 
scribed. — F.R. 


How  Much  Competition 
Have  You 

. . .  For  Your  Present  Job 
.  .  .  For  a  Better  Job? 


Again  employora  can  afford  to  be 
“aolective".  particularly  with  thou- 
eandi  of  new.  ambitious,  young  men 
who  hare  entered  the  radio  industry 
since  the  war.  This  means  you  must 
improve  your  tecdinical  knowledge  not 
only  to  qualify  for  the  better  job  you 
want,  but  to  hold  the  job  you  now 
occupy. 

Your  own  success  in  radio  depends 
upon  the  effort  you  make  now  to  fortify 
yourself  with  modem  technical  training. 
You  may  have  "gotten  by"  up  to  this 
point.  But.  if  you  ore  like  some  radio¬ 
men,  many  wartime  and  postwar  tech¬ 
nical  advances  of  the  industry  have 
passed  you  by.  If  you  wont  to  pro¬ 
gress  with  the  industry  ...  if  you  want 
cm  important,  good-paying  position  and 
the  future  security  that  goes  with  it — 
you  must  acquire  up-to-date  technical 
training. 

We  invite  you  to  investigate  the 
CREI  proved  program  for  professional 
self-improvement  for  which  thousands 
of  professional  radiomen  have  enrolled 
since  1927.  CREI  can  help  you  by  pro¬ 
viding  down-to-earth,  practical  techni¬ 
cal  training  that  should  equip  you  to 
advance  to  the  better-paying  radio  jobs 
and  step  ahead  of  competition. 

The  facts  about  CREI  and  what  it 
con  do  for  you  are  interestingly  de¬ 
scribed  in  our  24-page  booklet.  It  is 
well  worth  your  reading.  Send  for  it 
today. 

VETERANSI  CREI  TRAINING  AVAILABLE 
UNDER  THE  "G.l."  BILLI 


Theory  and  Application  of 

Radio-Frequency  ■  Heating 

By  George  H.  Brown  and  Cyril  N. 
Hoyler,  research  engineers  at  RCA 
Laboratories,  and  Rudolph  A.  Bier- 
WIRTH,  chief  engineer  of  Sound  Inc., 
Chicago.  D.  Van  Nostrand  Co.,  Inc., 
New  York,  N.  Y.,  19U7,  370  pages, 
$6..‘i0: 

For  INDUSTRIAL  engineers  consider¬ 
ing  the  use  of  r-f  generators  for 
solving  heating  problems,  the  au¬ 
thors  have  combined  in  this  one  dis¬ 
tinguished  volume  the  pertinent 
basic  principles,  design  equations, 
and  practical  application  data  for 
both  induction  and  dielectric  forms 
of  electronic  heating. 

Maximum  emphasis  is  placed  on 
the  nature  of  current  flow  in  vari¬ 
ous  metal  shapes  and  on  the  design 
of  work  coils  for  surface  or  all- 
through  heating  of  good  conductors, 
and  rightly  so  because  this  form  of 
electronic  heating  predominates  in 
manufacturing  plants.  The  first 
ten  chapters  thus  lay  the  ground¬ 
work  for  chapter  11  on  annealing 
brass  and  bronze,  chapter  12  on 
typical  induction  heating  problems 
such  as  paint  baking  and  multiple 
soldering,  three  following  chapters 
on  heat  flow  equations  for  metals, 
and  chapter  16  on  case  hardening 
:  of  steel.  Included  among  the  first 
ten  chapters  are  details  of  such  spe- 
!  cific  applications  as  heat  treatment 
*  of  knitting  needles  and  surgical 
needles,  heating  of  thin  metal  strip, 
and  heating  of  laminar  sheets  such 
as  copper-clad  steel. 

Of  the  eight  chapters  devoted  to 
heating  of  poor  conductors,  chapter 


Automatic 
PUSH-BUnON  SELECTION 

The  NEW  Precision 

Mufti-Mister 


5000  AND  1000  OHMS  PER  VOLT  DC— 
1000  OHMS  PER  VOLT  AC 
High  speed,  54  range,  high  sensifivify,  AC- 
DC  muHi-range  tests  set.  Ranges  to  6000 
volts,  200  megohms,  12  amperes,  70  DB. 

A  rugged,  high  sensitivity,  general  purpose 
AC-DC  test  set,  designed  to  withstand  the  con¬ 
tinuous  use  ossocioted  with  electronic  mainte¬ 
nance  and  service,  classroom  instruction,  pro¬ 
duction  testing,  etc.  A  200  microampere,  4H" 
meter.  •  All  standard  functions  at  only  two 
jacks.  #  200  megohm  insulotion  resistance  test 
range.  •  Recessed  6000  volt  safety  jacks. 
A  Etched-Anodized  aluminum  panels  resistant 
to  moisture  and  wear.  •  Conservatively  and 
professionally  designed. 

RANGE  SPECIFICATIONS 

A  24  AC-DC  voltage  ranges  to  6,000  volts  ot 
both  5,000  and  1,000  ohms  per  volt  DC.  1,000 
ohms  per  volt  AC.  Initial  range  0-3  volts. 

A  B  DC  current  ranges  to  12  amperes. 

A  6  ohmmeter  ranges  to  200  megohms. 

A  B  decible  ranges  —  26  DB  to  -4-  70  DB. 

A  ■  output  ranges  to  6,000  volts. 

MODEL  B47-L;  modem,  shallow,  Bakelite  labora¬ 
tory  type  cose . $42.70 

MODEL  B47-P:  portable,  hardwood  case  with 
tool  compartment  and  cover . $44.90 

(Prices  complete  with  batteries 
and  HIph  Voltaie  test  leads.) 

ASK  to  see  the  full  “Precision”  line  of  Qual¬ 
ity  Test  Instruments  on  display  at  all  leadinf 
radio  parts  and  equipment  distributors.  Sipnal 
penerators.  Vacuum  Tube  Voltmeters.  Tube 
Testers,  Multi-ranpe  Test  Sets,  etc.  .  .  . 

Write  for  new  Precision  194S  Catalog 


CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

An  Accredited  Technical  Institute 
Dept.  E-9,  Uth  B  Park  Rd„  N.  W. 

Washington  10,  D.  C. 


CAPITOL  RADIO  ENGINEERING  INSTITUTE 
16th 4  Park  Read.  N.  W.,  Dept.  E-t,Wash.  10,  D.C. 

Gentlemen :  Pleaie  eend  me  yuar  free  hooklet, 
“CRBl  trainine  for  your  better  fob  in  RAOIO- 
ELBCTROStCS”,  together  with  full  detaile  of  gour 
home  study  training.  I  am  attaching  a  brief  reeume 
of  my  eiperienee,  education  and  preeent  position. 

CHECK  p  PRACTICAL  RADIU  EXtJIXEEUIXCi 
COCR.SK  □  PRACTICAL  TKLEVISlOX 
EXGIXKERIXtJ 

XAME  . 

STREET  . 

CITY . ZOXE . STATE . 

□  I  am  entitled  to  training  under  the  C  I.  Rill. 


Export  Diviaion:  458  Broadway,  N.  Y.  City,  U.S.A. 
Cobloa:  MORHANEX 
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VIBRO  MASTER  TYPE  K 


PROFESSIONAL  ARM 

FOR*  6E  VARIABLE  RELUCTANCE 

AND  PICKERING  *120M  CARTRIDGES 
Datigntd  by  VIN  BROYltS 

1  . . ,  will  neither  introduce  nor  amplify  lat¬ 
eral  distortion. 

2 resonance  characteristic  flat  plus  or 
minus  DB  40  to  1000  cycles. 

3  . . .  balances  GE  cartridge  at  22  grams  and 
Pickering  120M  at  15  grams  stylus  pressure. 

4  . . .  morning  after  handle  prevents  record 
damage  when  cueing. 

NET  PRICE .  .  (less  cartridge) . $34.50 


see  your  distributor  or  write 

TECHNICAL  PRODUCTS 

INTERNATIONAL 

144  West  54tli  Street,  New  York  City  19 


(ft) 


PILOT  LIGHT 
ASSEMBLIES 


PLN  SERIES — Designed  for 
.  NE-51  Neon  Lamp 

f«  THE  mIiLT^VuY  cap 
•  BUILT-IN  RESISTOR 
r  110  or  220  VOLTS 
•  EXTREME  RUfiGEDNESS 
•  VERY  LOW  CURRENT 

Write  for  descriptive  booklet 


The  DIAL  UGHT  CO.  of  AMERICA 

FOREMOST  MANVFACTVRER  OF  PILOT  LIGHTS 

900  BROADWAY,  NEW  YORK  3,  N.  Y 

Telephone — Algonquin  4-5180  . 


To  your  specifications 


QUADRIGA  Quality  WASHERS 


Fulfill  the  rigid  standards  of 
electrical  and  electronic  services 


Make  sura,  by  entrusting  your  washer  requirements  to  long  experi¬ 
ence,  ample  facilities.  Any  quantity  small  or  large:  Special  Flat — 
Tension  and  Spring — Formed  and  Drawn — Cupped  and  Finishing — 
Friction — Irregular  Contour — Dished  Blanks,  etc.  Wire  terminals. 
SMALL  STAMPINGS,  any  design.  Ask  for  catalog. 

THE  QUADRIGA  MANUFACTURING  CO. 

Est.  I8<M  “Half  a  Century” 

221A  W.  Grand  Ave.  Chicago  10,  III. 


^2^ 


Keeps  you 


No  more  ‘hoping**  yoo*re  in  the 
bond.  Mount  the  FS*135*C 
Frequency  Stondord  in  your 
receiver,  lero  beot  it  with  WWV 
ond  you'll  hove  o  frequency 
meter  that  is  really  accurate. 

Til  UMMUM  BN.  C«..  MC..  «M  ».  M”  ST.,  lEW  Till  1. 1.1. 
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LOOK  TO 


NEW!  Mor«  Comfortable  Grip! 

tlaw  your  dealer  show  you  the  new  XCELITk^  srrew  drlser!  See  bow  it  helps  you 
iiork  1'a.sier,  ra.ster.  Feel  the  smooth,  comfortable,  ST'KK-GItll’  genuine  XCELITK 
handle  niar-pruof,  break-proof,  shock  and  tire  resistant!  Husky  t'liltil.MK 
V.\X.\l»IfM  BI>.\I>E,  precision  ground  on  flat  belt  to-  lit  screw  slot  snugly. 
Xi'Kl.lTK  is  the  choice  of  experts.  You’ll  use  It  many  efllcient  years!  llrder  nowl 
Oriyinntorii — not  Imllatorx 

PARK  METALWARE  CO..  INC. 

>  Dept.  C  Orchard  Park,  New  York 


PREFERRED  BY  EXPERTS 


The  New  ‘RAui/md  Omni-directionarFM  ANTENNA! 


•  No  Special  Oriaii* 
tatiM  Raquirad 

•  Hiah  SansHivfty 
A  Sigaal  StrMii^ 


•  LawStaadiac 
Wave  Ratio 

•  AH-Miaaiauai 
Coastraction 


NON-DIRECTIONAL  DESIGN  I 

Graph  above  thows  virtually  circular 
horizontal  directivity  pattern  at  88  me; 
only  slight  elongation  appears  at  108 
me  Vertical  directivity  shows  no  re¬ 
sponse  to  automobile  ignition  and  other 
man-made  noises;  gives  maximum  noise- 
reducing  benefits. 

*Mfd.  wndar  AIfnd  Afford  invonfions 


Here  is  the  first  and  only  FM  Receiving  An¬ 
tenna  to  offer  all  these  features:  Non-Direc- 
tional  Pickup  over  the  entire  FM  band — for 
satisfaaory  reception  from  all  stations  in  any 
looition  regardless  of  direction  of  signal. 
Higher  gain  improves  reception  at  outlying 
sections  of  the  effective  station  area.  Stable- 
Omnidirectionalcharacteristics — unaffected  by 
rain,  slMt,  or  age.  Small,  rugged,  and  supplied 
completely  assembled — easy  to  install.  Can  be 
used  in  pairs  for  increased  signal  strength  and 
lower  noise.  Can  be  permanently  grounded 
for  protection  against  lightning.  Direct  match 
to  standard  300  ohm  receivers  (matching  unit 
can  be  supplied  to  match  other  impedances). 
No  other  conventional  antenna  offers  all  the 
FM  receiving  advantages  obtained  from  the 
exclusive  design  of  the  RAULAND  Model  150 
FM  Receiving  Antenna. 


1 


HdUikjld 


Write  for  interesting  descriptive  bulletin  ,  . 

THE  RAULAND  CORPORATION 
4265  N.  Knox  Avenue,  Chicago  41,  Illinois 


TOP  PERFORMANCE  wOh  — 


\pumslw%me/is 
/  cmd  Coifs 


Rash  Control  •  Radio 
Instrumant  •  Talevisipn 
Electronic  and  Indus¬ 
trial  Applications 


electrical  Coil  Windings 


Plan  for  perform¬ 
ance  perfection 
For  transformers  and 
electrical  coil  windings  of 
superior  quality  and  produc¬ 
tion,  use  Din  ion  Transformers  and 
Coils.  Manufactured  to  specification 
or  designed  to  meet  particular  re¬ 
quirements.  Special  or  mass  production 


Specialists 
in  DifRcuH 
Designs 


DINION  COIL  CO..  INC.  yo£^ 


NEW  BOOKS  (continutd) 

17  deals  solely  with  theory  and  the 
remainder  cover  specific  applica¬ 
tions.  These  include  wood-gluing 
presses,  r-f  sewing  machines  Tut 
sheet  plastics,  r-f  dehydration,  pas¬ 
teurization,  sterilization,  and  cook¬ 
ing  of  food,  and  heating  of  drugs 
and  other  materials. 

The  mathematical  derivations 
throughout  the  book,  supplemented 
by  a,  three-part  mathematical  ap- 
pendix,  make*this  excellent  book 
equally  as  valuable  to  the  design 
engineer  as  to  the  industrial  engi¬ 
neer  concerned  primarily  with  the 
engineering  of  economic  electronic 
heating  applications  in  plants. — j.m. 


The  Physical  Principles  of 

Wave  Guide  Transmission 

And  Antenna  Systems 

By  W.  H.  Watson,  Professor  of 
Mathematics,  University  of  Saskat¬ 
chewan.  Oxford  University  Press, 
London,  1947,  207  pages,  $7.00. 

Properties  of  slot  couplings  and 
antenna  arrays  fed  from  wave¬ 
guides  were  extensively  studied 
during  the  war.  In  this  presenta¬ 
tion  of  the  studies,  a  preliminary 
chapter  reviews  the  impedance  con¬ 
cept  used  in  exploring  guided  wave 
phenomena.  Propagation  in  wave¬ 
guides  and  auxiliary  components 
is  described  as  background  for  the 
development  of  sloT  couplings  and 
radiators,  the  latter  constituting 
the  major  portion  of  this  book  for 
design  engineers  and  physicists. 
— P.R. 

German-English  Dictionary 
for  Electronics  Engineers 
and  Physicists 

By  Bernard  R.  Regbn  and  Rich¬ 
ard  R.  Regen.  Published  by  J.  W. 
Edwards,  Ann  Arbor,  Mich.,  1946, 
358  pages.  $6.00. 

Nearly  21,000  German  technical 
terms  in  the  fields  of  electronics 
and  physics  are  listed  alphabeti¬ 
cally  with  English  equivalents,  pro¬ 
viding  an  invaluable  key  to  the 
great  mass  of  German-language 
literature  collected  in  Germany 
since  the  war  and  available  from 
the  Superintendent  of  Documents, 
Washington,  D.  C.  In  many  in¬ 
stances  brief  explanatory  defini¬ 
tions  have  been  added  to  clarify  the 
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PHOTOYOLT 

Electronic  PROCESS  TIMER 


An  adjustabl*  timing  relay  for  timing 
periods  1/20  to  50  sec. 

e  for  welding,  process  timing, 
printing,  contrd  of  machinery, 
and  protection  of  electronic  tubes 
e  for  single  actuation  as  well  as 
sequence  timing  and  recycling  in 
continuous  operation 
e  for  AC  of  any  frequency  and 
for  DC 

Write  for  Bulletin  #950 

PHOTOVOLT  CORP. 

95  Madison  Ave.  New  York  16,  N.  Y. 


TYP*  65X 

A***®* 

i.  tiM  lower  voloe 


•  Noiseless  in  operation 

•  Strong  and  durable 

•  Good  performance  in  all 

climates 


GIVIS  "VdwdHNrw- 

typM  of  S.  V  W 

A  copy* 

ter  ir-todoy  ^ — 


S.S.WHITE 


STANDARD  RANGE 
.1000  ohms  to  10  megohms 
e  NOISE  TESTED  e 

At  slight  additional  cost,  rositlon  io  th* 
Standard  Rang*  or*  supplied  with  each 
resistor  noise  tested  to  the  follosriog  steed 
ard:  "For  the  coteplete  oodto  frupssen 
range,  ressstor  shoM  have  less  noise  then 
corresponds  to  a  change  of  rssistonee  of 
1  poH  in  1,000,000." 

HIGH  VALUES 

15  to  1,000,000  megohms 


THE  S.  S.  WHITE  DENTAL  MEG.  CO. 


INDUSTRIAL 


DIVISION 


PtrT.  R.  to  EAST  OOtb  ST..  NEW  YORK  I*.  N.  T._ 

HIXIMI  SNAm  •  PUlteU  SNAft  toots  •  AIICIAft  ACCfSSOtMS 
IMAII  CUttlltO  AN*  OtHieiMO  fOOtS  S9tClA|  tOeMMA  ■UMflS 

MotMe  Htmoes  •  stAStic  moMtm  •  conma^  Dustics  Moteoii 

Out  el  ^mekiceu  A4A4  *}idu4tUcU 


STEATITE 

CERAMIC 


SMALL  PARTS 

Filaments,  anodes,  supports,  springs, 
etc.  for  electronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
14-inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 


STAMPING  GO. 


227  High  St. 


Newark  2,  N.  J. 


ProperNss  and  Charocferistlct  ef  Oer 
LAVITE  S1-S  Steatite  Ceramic  Rody 

ComproMivo  Otrofigth  . 06.000  IbA.  por  DquAro  inch 

TGfitilp  Strongth  .  7,200  Ihc.  por  tach 

Floxurcl  Strongth  . tO.SOO  Ibo.  por  pqunro  inch 

Modulus  of  Rupturo  . 20.000  Ihs.  por  squAro  Inch 

Oioloctric  Strength  . 22S  volts  por  mil 

Ust  rsetor . .<..2.00  I 


Nsrdnsss  (Mohr  scal^  . 7.0 

loftoning  tomporatwro  . 2.3S0^R. 

UnGsr  CoofSeiont  of  BxpAnsion . 0.12x10—0 

Moitturo  Absorption  (ASTM  D-1 1S-42-A) .  . O.OOOhb 

Dcsifui  engineers  and  manufaaurers  in  the  radio, 

eleariail  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
ipecificatioas  .  .  .  high  compressive  and  dielectric 
Mrrngth.  low  moisture  absolution  and  resistance 
to  roc,  fumes,  acids,  and  hijm  heat.  The  exceed- 
inglv  low  loss-factor  of  LAVTTE  plus  its  excellent 
workability  makes  it  ideal  for  all  high  frequency 
spplicatioos. 

ITe  will  gjladly  supply  samples  for  testing. 


1 ' 

> '0 
fO/lS! 


i 


SILICONE  DIFFUSION  PUMP  FLUIDS 
Improve  Adhesion  of  Metal  Films 


CMITUT  MfLATE  CANMM.  LTD. 

Um  of  DC  703  in  production  unitt  for  Hto  thormal  ovapora- 
tion  of  awtoflic  and  non-moUdfk  filmt  indkatoc  fhat  tho 
oxcopHonal  hoot  ttabilify  of  fhit  DC  SUkono  Diffusion 
Pump  Fluid  rosufls  in  boHor  oMosion  of  magnosium  fluorido 
fUms  to  glau. 

After  wing  DC  703  for  the  past  year  in  two 
production  units  for  evaporating  magnesium 
fluoride  and  rhodium.  Dr.  Bateson  of  Duplate 
Canada  Ltd.,  Oshawa,  Ontario,  reports  that  he 
has  had  no  difficulty  in  producing  equal  or  higher 
vacuum  with  pumping  speeds  equal  to  those  of 
a  high  grade  organic  pumping  fluid. 

Even  more  significant  are  Dr.  Bateson's  observa¬ 
tions  that  backstreaming  seems  to  be  reduced 
by  use  of  DC  703;  that  the  Silicone-vapor  which 
does  migrate  into  the  system  is  more  heat- 
stable;  and  that  primary  adhesion  of  magnesium 
fluoride  films  to  glass  is  therefore  improved. 
Preliminary  observations  also  indicate  that  use 
af  DC  703  results  in  brighter  first  surface  mirrors. 


That  DC  703  causes  less  contamination  of  the 
system  is  further  indicated  by  these  aluminum 
shields.  Both  were  normally  exposed  to  the 
heaters  in  the  bell  jar  for  9  months.  Shield  at 
left,  exposed  to  DC  703,  is  quite  dean.  The 
other  shield,  exposed  to  a  high  grade  organic 
pumping  fluid,  is  covered  with  a  dark  brown 
deposit. 

May  we  also  remind  you  of  DC  702.  Both 
DC  702  and  DC  703  are  useful  in  electron 
microscopes,  high  vacuum  dehydration  and  in 
evacuating  electronic  tubes.  Write  for  pamphlet 
No.  9-4. 

DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 
New  Yech  •  Chicago  •  Cleveland  •  Los  Angeles 
In  Canada:  Fiborglas  Canada,  Ltd.,  Toronto 
In  England:  Albright  and  Wilson,  ltd.,  London 
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distinction  between  similar  terms 
in  both  languages. 

Terminology  current  in  1939  is 
covered,  along  with  all  other  terms 
falling  within  the  scope  of  the  dic¬ 
tionary  that  could  be  found  in 
books,  scientific  journals,  and  pat¬ 
ent  literature  published  in  Ger¬ 
many  during  the  war  and  available 
to  the  authors  up  to  the  time  of 
publication.  Thoroughness  of  cov¬ 
erage  of  electronic  terms  is  evi¬ 
denced  by  inclusion  of  75  entries 
for  antennas,  65  for  recording,  80 
for  electrons,  100  for  frequency, 
85  for  grids,  grates,  and  lattices, 
40  for  cathodes,  40  for  capacitors, 
45  for  loudspeakers,  70  for  direc¬ 
tion  finding,  150  for  tubes,  120  for 
waves,  etc.  A  patent-practice  vo¬ 
cabulary  is  included,  adding  greatly 
to  the  value  of  this  book  in  an 
engineer’s  library. — J.M. 


-Television  Primer  of 

Production  and  Direction 

By  Louis  A.  Sposa.  McGraw-Hill 
Book  Co.,  Inc.,  New  York,  N.  Y.,  19^7, 
237  pages,  $3.50. 

Though  dealing  primarily  with 
techniques  of  producing  television 
i  programs,  this  little  book  contains  i 
i  much  information  of  value  to  engi-  I 
I  neers  and  their  assistants  at  tele-  ; 
j  vision  stations,  as'well  as  those  con-  , 

!  cerned  with  the  design  and  manu¬ 
facture  of  cameras  and  other  equip-  i 
i  ment-'  used  in  television  studios. 

;  The  greater  the  familiarity  of  an  j 
engineer  with  the  end  uses  of  his  | 
product,  the  more  useful  and  versa¬ 
tile  will  his  product  be. — J.M. 


i  •  • 

I  Writing  the  Technical  Report  j 

By  j.  Raleigh  Nelson,  Professor 
Emeritus,  University  of  Michigan, 
i  McGraw-Hill  Book  Co.,  New  York, 

\  19^7,  388  pages,  $3.00. 

I  Engineers  are  judged  not  on  what 
!  they  know,  but  on  the  extent  to 
which  they  clearly  present  their 
knowledge  to  company  executives, 
i  clients,  and  other  engineers.  Fre-  | 

1  quently  report  writing  is  neglected  i 
j  because  of  pressure  to  learn  addi¬ 
tional  technical  material.  The  re¬ 
sult,  as  editorialized  recently  in 
the  British  Electronic  Engineering ,  j 
is  that  excessive  verbiage,  ambig-  j 


This  graph  shews  frequency  ranges 
cavered  by  each  unit.  Write  us  for 
your  full-size  copy. 

Five  Standard 
Slug -Tuned 
LS3  Coils  Cover 
to  184  me 

For  strip  amplifier  work,  the 
compact  (1}^"  high  when 
mounted)  LS3  Cou  is  ideal. 
Also  for  Filters,  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  induct¬ 
ance  is  desired. 

Five  Standard  Windings  — 

1, 5, 10, 30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  easy  to 
assemble,  one  hole  is  all 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

SPECIAL  COILS 

CTC  will  custom-engineer 
and  produce  coils  of  almost 
any  size  and  style  of  wind¬ 
ing. ..to  the  most  particu¬ 
lar  manufacturer’s  specifi* 


HPB 

Cf  /fsitf//  r'J  V  fc  / 

Custom  Engineering  .  .  btondordned  Designs 

GuoTonfeed  Materials  and  Workmanship 
CAMBRIDGE  THERMIONIC  CORPORATION 

437  Cor>co^d  Avenue,  Con^'br'dge  30,  Mot* 
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Improved 


new  books 

uity,  and  vague  expressions  in  re¬ 
ports  are  taken  by  readers  to  indi¬ 
cate  lack  of  thought.  The  present 
book  examines  report  organization 
and  preparation,  and  describes  good 
practices  of  style  and  format.  An 
especially  valuable  feature  is  the 
criticism  of  tsrpical  reports.  Sug¬ 
gestions  for  class  use  are  included 
at  the  end,  should  the  book  be  used 
in  colleges, — P.R. 


(continuad) 


rWHUTS 


SOWED 

fRSEEHWG 

PROBUM 


A  MANUFACTURER  wanted  to  make  a  new  motor  that  would 
give  good  service— yet  he  wanted  to  produce  it  at  minimum 
cost.  B.  F.  Goodrich  Rivnuts  helped  him  solve  the  problem. 

Rivnuts  "A”  provided  deep  nut  plates  for  attachment 
screws.  And  their  countersunk  heads  permitted  the  use  of 
thinner  sheet  steel  for  the  case. 

Rivnuts  "B”,  with  threads  drilled  out,  served  as  inexpensive 
bearing^or  the  armature  shaft. 

In  both  cases,  Rivnuts  were  installed  from  one  side  of  the 
work  with  a  simple  heading  tool.  Many  man  hours  were  saved. 

Rivnuts  thus  cut  costs  of  the  motor  two  ways:  l)  lower 
material  costs,  and  2)  reduced  production  time.  If  you  have 
a  fastening  problem,  why  not  put  it  up  to  Rivnut  engineers.^ 
Write  The  B.  F.  Goodrich  Comply,  r 
Department  E-97,  Akron,  Ohio. 


The  Future  of  Television 

By  Orrin  E.  Dunlap,  Jr.  Harper  & 
Brothers,  New  York,  N.  Y.,  revised 
edition,  1947,  194  pages,  $S.OO. 

Revision  of  the  1942  edition  brings 
it  up  to  date  and  looks  still  farther 
ahead.  The  appendix  now  lists  150 
historic  steps  in  television  from 
1867  (Maxwell’s  wave  theory)  to 
1947.  Though  dealing  chiefly  with 
economic  and  programming  as¬ 
pects,  engineers  will  And  here  many 
answers  to  the  kinds  of  television 
questions  posed  by  nontechnical 
friends. — J.M. 


NIW  RIVNUT  DATA  ROOK  GIVIS 
FASTENING  FACTS 


New  40-paae  edition.  Fully  illustrated. 
Describes  installation  step-by-step. 
Gives  types,  sizes,  load  capacities.  Tdls 
where  and  how  to  use  Rivnuts.  For  your 
free  copy,  write  to 


RE  Goodrich  dept.  E-97,  akron^ohio 


Electronic  Engineering 
Principles 

By  John  D.  Ryder,  Professor  of  Elec¬ 
trical  Engineerina,  Iowa  State  Col- 
leoe,  Prentice-Hall,  New  York,  1947, 
397  pages,  $6.95. 

Written  to  present  electronics  to 
all  engineering  students,  this  book 
embraces  electronics,  tubes  and 
tube  characteristics,  and  the  most 
common  amplifier,  rectifier,  and 
control  circuits.  Although  intended 
for  class-room  use,  the  book  is  suffi¬ 
ciently  clear  and  complete  in  itself 
to  be  read  by  those  studying  the 
subject  alone. — F.R. 


Vector  and  Tensor  Analysis 

By  Louis  Brand,  Professor  of  Mathe¬ 
matics,  University  of  Cincinnati,  John 
Wiley  and  Sons,  New  York,  1947,  4$9 
pages,  $5.50. 

The  subject  is  presented  in  the 
form  of  assertions  about  the  mathe¬ 
matical  properties  of  vectors  and 
tensors,  thus  giving  a  grounding 
in  their  characteristics  and  manipu¬ 
lation.  However,  the  mathematical 
ripror  is  at  times  incomplete,  and  the 
application  of  the  techniques  to 
engineering  is  only  sketchy,  so.  that 
the  book  is  more  suited  to  college 
courses  than  personal  study. — F.R. 


“New  Times — New  Modes”,  soys  old  proverb.  These  new 
attenuators  were  born  to  meet  new  war-created  demands. 
They  represent  a  new  medium  frame  size:  Type  800  ISVe" 
dia.)  and  a  larger  size:  Type  900  (3*  dia.I.  The  Type  800 
is  supplied  as  potentiometer,  rheostat,  ladder  and  T-pad  up 
to  20  steps.  The  larger  size  Type  900  is  similarly  furnished 
with  up  to  45  steps.  Write  for  new  bulletin. 
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A  PROMINENT  manufacturer  re¬ 
designed  his  product  for  lower 
costs  and  better  performance.  But  the 
new  design  call^  for  a  coil  smaller 
than  he  had  ever  used  before.  Central 
Paper  Company  research  engineers 
were  consulted  on  the  problem.  They 
suggested  reducing  the  bulk  of  the 
insulating  paper  used  in  winding  coiL 
They  develops  an  entirely  new  paper, 
thiniMtf  than  any  ever  used  for  coil 
winding  before,  yet,  because  of  its  con¬ 
trolled  and  greatly  reduced  porosity, 
higher  dielectric  strength  anti- 
tamish  properties,  the  ideal  paper  for 
this  particular  application. 

It  is  for  solving  problems  like  these 
. . .  developing  new  and  better  papers 
for  use  in  the  electrical  and  many  other 
industri^ . . .  that  Central  Paper  Com¬ 
pany  maintains  one  of  the  hnest  labor¬ 
atories  in  the  industry.  Put  this  knowl- 
ed^  and  experience  to  work  for  you. 
Bring  your  electrical  paper  problems 
to  Central  Paper  Company. 


CENTRAL  PAPER 
COMPANY  INC. 

2442  lAKESHORE  DRIVE 
MUSKEGON,  MICHIGAN 


PREMIER  DIALS, 
PANELS  &  PLATES 


What  counts,  sales-wis*.  is 
what  your  customer  sees.  What 
gets  the  attention  for  Premier 
Metal  Products,  quolity-wise,  is 
their  sharpness  and  clarity  .  .  . 
close  tolerances  .  .  .  rich  colors 
and  baked-in  finishes.  Let  us 
tell  you  how  these  qualities 
can  add  important  soles-appeal 
to  your  products. 

Etched  a  Lithographed  os: 
e  Alsmisum  e  Brass 

e  Brosie  •  Copper 

e  Mosel  •  Nichel  Silver 

e  Staisless  Steel 

WRITE  FOR  BULLETIN 


rewiK  ItfTAl  eichihscowamy 


ISLAND 


avenue 


Backtalk 

This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 

Electrometer  Addendum 
Dear  Sir: 

The  time  necessary  for  an  elec¬ 
trometer  tube  to  reach  equilibrium 
can  be  substantially  reduced  if  the 
supply  voltages  are  applied  only 
after  the  cathode  has  reached  oper¬ 
ating  temperature.  This  could  eas¬ 
ily  be  accomplished  in  the  amplifier 
described  in  my  paper,  published  in 
the  June  1947  issue  of  Electronics 
(p  138),  if  a  double-pole  time  delay 
relay  of  1-2  minutes  delay  were  in¬ 
serted  into  the  screen  and  plate  con¬ 
nections  of  the  12BE6  tube  (Fig.  1). 

H.  S.  Ankek 

Department  of  Biochemistry 
The  Univeraitv  of  Chicago 
Chicago,  Illinois 

Reverberation  Time 

Nomographs 

Dear  Sir: 

It  is  pleasing  to  note  Mr.  R.  C. 
Coile’s  attempt  to  reduce  the  compu¬ 
tations  involved  in  the  acoustic 
treatment  of  rooms  to  a  simple  set 
of  nomographs  in  his  paper  on 
Reverberation  Time  Nomographs 
in  the  April  issue  of  Electronics. 

The  alert  acoustical  engineer  will 
recognize  immediately  the  limita¬ 
tions  of  the  nomograph  in  Fig.  1 
of  Mr.  Coile’s  paper.  However, 
judging  by  the  inquiries  on  the  use 
of  acoustic  materials  received  at 
this  Bureau,  a  novice  might  be  led 
far  astray  by  using  the  incomplete 
information  in  the  nomograph. 

First,  in  the  absence  of  notes  or 
textual  reference  to  the  contrary,  it 
might  appear  offhand  that  any 
acoustic  material  has  a  unique  co¬ 
efficient  of  sound  absorption  at  a 
given  frequency.  Actually,  the  co¬ 
efficient  depends  very  much  on  how 
the  material  is  mounted.  Published 
lists^  show  that  the  variation  in 
sound  absorbing  power  of  the  same 
material  can  vary  by  as  much  as 
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100  percent  for  different  methods  of 
mounting.  Consequently,  the  mount¬ 
ing  information  should  be  included 
in  the  nomograph  along  with  the 
material.  Otherwise,  separate  no¬ 
mographs  would  have  to  be  con¬ 
structed  for  each  type  of  mounting 
or  for  each  material.  Also,  the  in¬ 
clusion  of  a  numerical  scale  on  the 
absorption  coefficients  scale  might 
increase  the  usefulness  of  the  nomo¬ 
graph. 

Second,  it  might  be  inferred  from 
the  nomograph  that  the  sound  ab¬ 
sorption  coefficient  is  directly  pro¬ 
portional  to  the  area  of  an  acoustic 
material.  For  larger  areas,  say 
greater  than  60  or  70  square  feet, 
this  is  approximately  true.  Occa¬ 
sionally,  however,  acoustic  mate¬ 
rials  are  applied  in  smaller  patches. 
Experiments*  show  that  the  coeffi¬ 
cient  determined  for  small  patches 
are  appreciably  greater  than  for 
larger  areas. 

Peter  Chrzanowski, 

Phyaicist,  Sound  Section 
National  Bureau  of  Standarda 
M’aahington,  D.  C. 


(1)  “Sound  Absorption  CoolBcients  of 
the  More  Common  Acoustic  Material”,  Let¬ 
ter  Circular  published  periodically  by  Na¬ 
tional  Bureau  of  Standards,  Washington, 
D.  C. 

“Sound  Absorption  Coefflclents  of  .\rchi- 
tectural  Acoustical  Materials”,  published 
periodically  ^  Acoustical  Materials  Asso¬ 
ciation,  205  West  Monroe  Street,  Chicago, 
111. 

(2)  V.  L.  Chrisler,  Dependence  of  Sound 
Absorption  upon  the  Area  and  Distribution 
of  the  .Absorbent  Material,  Jour.  Rea.  N.  B. 
8.,  13,  p  169,  1934. 

J.  8.  Parkinson,  Area  and  Pattern  Bf- 
fects  in  the  Measurement  of  Sound  .Ab¬ 
sorption,  Jour.  Acoua.  Soc.  Am.,  2,  p  112, 
1930. 


Dear  Sir: 

Dr.  Chrzanowski’s  questions  as  to 
limitations  in  the  use  of  the  nomo¬ 
graphs  for  Reverberation  Time 
given  in  April  Electronics  are  well 
taken.  A  precise  calculation  of  re¬ 
verberation  time  should  include  the 
method  of  mounting  the  acoustic 
material,  the  consideration  of  the 
size  of  the  patch  as  well  as  its  rela¬ 
tion  to  the  geometry  of  the  room, 
the  use  of  the  proper  acoustical  co¬ 
efficients  for  a  particular  frequency, 
the  effect  of  humidity,  and  should 
more  properly  not  use  the  approxi¬ 
mate  formula  which  the  nomograph 
represents. 

Surprisingly  enough,  however, 
the  approximate  values  that  the  no¬ 
mographs  give  are  very  close  to 
practical  measured  values  for  aver¬ 
age  rooms  such  as  are  used  in 
broadcast  stations,  offices,  and 
homes. 

R.  C.  COILE 

Colton  i  Foaa,  Inc. 

Waahington,  D.  O. 


HAVE  YOU 


ASSEMBLIES 


LIKE  THESE?  ^ 


Heating  Equipment 
Small  Animal  Cages 
Industrial  Baskets 
Baby  Carriages  Stoves 

Leather  Goods,  efc.,  etc. 


Assemblies  cost  more  than  ,.you  think.  Not  the 
material,  but  the  time  to  complete  them.  Check  time 
costs  and  you  will  be  startled.'  Milford  knows  — 
from  checking  time  costs  for  innumerable  manu¬ 
facturers.  That's  why  they  chose  Milford  Fastening 
Equipment  (semi-tubular  or  split  rivets  and  rivet 
setters).  It  flattens  the  time-cost  curve,  assures 
proved  and  important  savings  on  assemblies  as 
diverse  as  wrist-watches  and  refrigerators.  Don't 
delay.  Investigate  today.  Deliveries  are  not  yet^ 
normal.  Earliest  ordered,  earliest  delivered.^ 

The  Milford  Rivet  &  Machine  Co. 

SS9  Bridg«pert  Av*nu«,  Milford,  Conn. , 

1002  Wost  Rivor  Stroot,  ilyria,  Ohio 


tnauirias  may  alto  bo  addrottod  to  our  subsidiary: 

THE  PENN  WVET  A  MACHINE  CO..  PHILADELPHIA  33.  PENNA. 


MODEL  No.  301-A 


CB  Model  245A  .  .  .TR.  C  &  R  BRIDGE 


For  accurate  determina¬ 
tion  of  capacitance  of 
condensers  of  all  types, 
stray  capacitance,  resist¬ 
ance  of  composition  and 
wire-wound  resistors,  con¬ 
ductivity  of  chemical  so¬ 
lutions,  turn  ratio  of  trans¬ 
formers,  load  matching, 
miscellaneous  leakage,  et¬ 
cetera. 


VERSATILITY  PLUS  ACCURACY 


CONSTRUCTION:  Wiro-wonnd  resistors  in  all  raeges,  oe- 
cvrately  processed  and  adjnsted  mica  standard,  ceramic 
insulating  bushings  in  ail  leakage  eircnits,  selective  amplifier- 
indicator  of  high  sensitivity,  protective  charging-current  re¬ 
lay  and  many  other  features.  Highest  quality  components 
used  exclusively. 

WRITE  FOR  CATALOG  E9 

The  CLOUGH  BRENGLE  CO. 

6014  Broadwoy  Chicago  40,  III. 
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ADDITIONS  and  CORRECTIONS 


JUNE  1947-1948  ELECTRONICS  DIRECTORY  ISSUE 


The  ioUowing  names  oi  consultants  were  receiTed  alter  publication  oi  a  more  exten- 
siTe  list  in  ELECTRONICS  BUYERS'  GUIDE  for  June  1947,  Mid-Month  issue,  starting  on 
poge  132.  Refer  to  the  number  key,  printed  on  that  page,  for  a  breakdown  of  the 
specific  Communications  and  Industrial  senrices  cnroilable.  An  asterisk  following  the 
name  indicates  that  patents  are  handled  os  well. 


Commu-  Indut- 

nicstions  trlsl  Design  Models  Ares 


Commu-  Indus- 
nications  trial 


HAYNES  A. 

2227  S.  lOtti  Ave..  Broadview,  Maywood. 
III.  (not  Mayview) 


PARDEE,  H.* 

648  W.  Washington  Blvd.,  Chicago.  III. 


The  following  listings  ore  to  be  used  in  coniunction  with  the  June  1947-1948 
ELECTRONICS  BUYERS'  GUIDE  for  information  on  manufacturers'  names,  addresses, 
and  products  omitted  or  incorrectly  listed  in  that  issue.  Product  clossification  names 
are  the  some  as  used  in  the  June  Guide. 


ADAPTERS— Boffery 

Eby,  Inc.,  Hugh  H.,  18  W.  Chelton  Ave. 
Philadelphia  13,  Pa. 


AMPLIFIERS — Audio  Freqsescy 

Kinsey  Radio  Engineering  Co.,  Inc.,  1208 
Farnam  St.,  Omaha  2,  Nebraska 
Northern  Radio  Co.,  Inc.,  143-145  W. 
22nd  St.,  New  York  11,  N,  Y. 


BATTERIES— Dry 

Bowers  Battery  &  Spark  Plug  Co.,  Read¬ 
ing,  Pa. 

Burgess  Battery  Co.,  Battery  Div.,  Free¬ 
port,  Ill. 

BATTERIES — Standard  Call 

Bowers  Battery  &  Spark  Plug  Co.,  Read¬ 
ing,  Pa. 

BATTERY  CHARGERS 

Bowers  Battery  &  Spark  Plug  Co.,  Read¬ 
ing,  Pa. 


Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y. 


Daven  Co.,  The,  191  Central  Ave.,  Newark 


ADHESIVES— Wofdrproof  &  Corrosion 
Proof  Compounds 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y. 


AMPLIFIERS— Andio  Input  Systams 

Northern  Radio  Co.,  143-145  W.  22nd  St. 
New  York  11,  N.  Y. 
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BARONE  CO.  S.  A. 

143-5  Wait  22nd  St..  New  York  11,  N.  Y. 
Arthur  J.  Odgirt 

Leilie  Norde 

1-2-4-10- 

12-17-20 

G 

•  interna¬ 

tional 

BUILDER,  G.,  ESQ.* 

7  Appian  Way.  Burnwood.  N.  S.  W., 

Am  ralia' 

1  • 

*  national 

EDGERTON.  GERMESHAUSEN  A  GRIER 

77  ManachMetti  Ave.,  Cambridge,  Man. 

1-17-  • 

22 

*  national 

ELLSWORTH,  A  R. 

8469  Hollywood  Blvd.,  Hollywood;  Calif. 

15 

15 

FERRAMENTA  M. 

Rua  Joaquim  Tavora  300,  Santos  Eat  De 
Sao  Paulo,  Brazil 

1-2 

1-2  • 

statewide 

HOLLEY,  ARMANDO* 

Calle  Constitucion  087,  Santiago,  Chile, 
S.A 

15 

15  • 

national 

IVINS.  H.  Y. 

Box  82.  Plymouth.  Ind. 

1 

• 

150  miles 

LEATHAM.  W.  G. 

P.  0.  Box  11,  Lower  Hutt,  N.  Z. 

1 

1  • 

national 

LUNDY. CLARENCE 

428  Boulevard,  Bayonne,  N.  J. 

5  • 

NIAGARA  ELECTRON  LABORATORIES 

Box  141,  Andover,  N.  Y. 

P.  M.  Haekett 

1-5-8  • 

8-17 

G 

PACENT  ENGINEERING  CORP.* 

79  Madim  Ave.,  New  York  IE  N.  Y. 

L.  G.  PKont 

Edward  W.  Noli 

1-4-18-12  12-13-  • 

28-25- 
30 

national 

PATRICK  RESEARCH  A  DEVELOP¬ 
MENT  LABS.* 

5208  N.  Keystone  Ave.,  Indianapolis.  Ind. 
E.  Patrick 

1-2 

G 

national 

POLLACK.  DALE  1-2-5-10 

352  Pequot  Ave.,  New  London,  Conn.  11-12-28 

G  G 

national 

RADIO  INVENTIONS,  INC.* 

155  Perry  SL,  New  York,  N  Y. 

5 

G  G 

national 

RUBIN.  H.  B.* 

1  Flint  SL,  Poquonock  Bridge,  Conn. 

20 

G  G 

1500 

miles 

SACAZES,  J.  M.* 

35  Rue  de  la  Oalbade,  Toulouse.  Haute 
Garonne,  France 

17 

G 

France 

STEPHENS.  HERBERT  V. 

63  Edsen  SL.  Buffalo  IE  N.  Y. 

WHEELER  LABORATORIES.  INC. 
259-09  Northern  Blvd.,  Great  Neck,  N.  Y. 
Harold  A  Wheeler 

5-10-11  5-8 

12-18-25 

26 

national 

WISE.  ROGER 

7  Grade  Square,  New  York.  N.  Y. 

ZELINGER,  GEZA 

P.  0.  Box  1239.  Haifa,  Palestine 

10 

G  G 

statewide 

CORRECTIONS:- 

GALANTY,  HAROLD 

287  Conklin  Ave.,  Hillside.  N.  J.  (not  N.  Y.) 

I 


lOXES — M»tol 

Paul  &  Beekman  Div.,  Portable  Products 
ijorp.,  1801  Coitland  St.,  Philadelphia 
40,  Pa. 

lUSHINGS — Nonmefallle 

_  sYanklin  Fibre- Lamltex  Corp.,  12th  & 

B  French  Sts.,  Wilmington,  Del. 

CAIINETS — Fla$tle 

jjorton  Labs.,  Inc.,  Lockport,  N.  Y. 

CAPACITORS— Voriabf*  Rteeivcr 
Tuning 

Airadio  Inc.,  Melrose  Ave.  &  Battery  PI., 
Stamford,  Conn. 

CEMENTS— Rod/o 

Moven,  C.  P.,  908  Chicago  Ave.,  Chicago, 

■  111. 

COATINGS — Profneflv 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y. 

Sun  Oil  Co.,  1608  Walnut  St.,  Philadelphia 
3,  Pa. 

CODE  &  TAB  MARKERS 

Smith  Laboratories,  Melvin  L..  16  Field 
St.,  Kane,  Pa. 

COIL  WINDING  MACHINES 

Seifert.  Inc.,  E.  R.,  202  South  Beach  St, 
Syracuse,  N.  Y. 

COMMUNICATION  SYSTEMS— 
facsimile 

Northern  Radio  Co.,  Inc.,  143-145  W. 
22nd  St.,  New  York  11,  N.  Y. 

COMMUNICATION  SYSTEMS  —  Radlo- 
teletype 

Barker  &  Willlam.son,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

CONNECTORS — Cable  Connectors  & 
Couplings 

Scintilla  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 

CONNECTORS— Coaxial  Cable 

Scintilla  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 

CONNECTORS— Reeepfacle 

Scintilla  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 

CONTROLS— Temperofure 

Philadelphia  Thermometer  Co.,  4401  N. 
Sixth  St,  Philadelphia,  Pa. 

CONVERTERS— FreqaeRcy  Shift 

Northern  Radio  Co.,  Inc.,  143-145  W. 
22nd  St,  New  York  11,  N.  Y. 

'  CRYSTAL  HOLDERS 

Smith  I.,aboratories,  Melvin  L.,  16  Field 
St,  Kane,  Pa.. 

,  CRYSTALS— l-f  Filter 

^  Bliley  Electric  Co.,  Union  Station  Bldg., 
Erie,  Pa. 

CRYSTALS— Qaarfx 

Smith  Laboratories,  Melvin  L.,  16  Field 
St,  Kane,  Pa. 


Film  Corp.,  770  Ansco  Rd.,  Johnson 
City,  N.  Y. 

ESCUTCHEONS 

Wilson  Plastics  Div.,  Wilson  Magazine 
CamerA  Co.,  6022  Media  St,  Phila¬ 
delphia  31,  Pa. 

FILTERS— Electric  Wove  Section 

Northern  Radio  Co.,  Inc.,  143-145  W. 
22nd  St,  New.  York  11,  N.  Y. 

GENERATORS— Gas-Engine  Driven 

Burke  Electric  Co.,  12th  &  Cranberry  Sts., 
Erie,  Pa. 

GENERATORS— Hand  Driven  ’ 

Burke  Electric  Co.,  12th  &  Cranberry  Sts., 
.Erie,  Pa. 

GRILLES— Molded  Plastic 

American  Insulator  Corp.,  New  Freedom, 
Pa. 

Norton  Laboratories,  Inc.,  Lockport,  N.  Y. 

HEARING  AIDS 

Schulmerich  Electronics,  Inc.,  Sellersvifle, 
Pa. 

HEATING,  ELECTRONIC  —  Accessories 
and  Associated  Equipment 

Sherman  Industrial  Electronics  Co.,  Inc., 
503  Washington  Ave.,  Belleville  9, 
N.  J. 

HEATING.  ELECTRONIC— Dielectric 

Sherman  Industrial  Electronics  Co.,  Inc., 
503  Washington  Ave.,  Belleville  9, 
N.  J. 

HEATING,  ELECTRONIC— Induction 

Sherman  industrial  Electronics  Co.,  Inc., 
503  Washington  Ave.,  Belleville  9, 
N.  J. 

INDICATORS — Temperature 

Philadelphia  Thermometer  Co.,  4401 
Sixth  St.,  Philadelphia,  Pa. 

INSTRUMENTS— Electronic  Musical 

Wurlitzer  Mfg.  Co.,  North  Tonawanda, 
N.  Y. 


INSULATING  COMPOUNDS 

Impregnating  Compounds 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd..  North  Tonawanda,  N.  Y. 

Sun  Oil  Co.,  1608  Walnut  St.,  Philadelphia 
3,  Pa. 

Insulating  Varnish 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y. 

Phenolic  Molding  Compounds 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y. 

Protective  Sealers 

Sun  Oil  Co.,  1608  Walnut  St.,  Philadelphia 
3,  Pa. 

Resins 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y, 


Fabric 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbrldge,  N.  J. 

Paper 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.»  Woodbridge,  N.  J. 


INSULATION  PARTS 

Ceramic  Insulation  Parts 

Scintilla  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 

Extruded  Insulation  Parts 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  N.  J. 

Fabricated  Insulation  Parts 

Accurate  Mfg.  Co.,  Inc.,  Philadelphia  32, 
Pa. 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  N.  J. 

Norton  Laboratories,  Inc.,  Lockport,  N.  Y. 

Molded  Insulation  Parts 

American  Insulator  Corp.,  New  Freedom, 
Pa. 

Norton  Laboratories,  Inc.,  Lockport,  N.  Y. 

Scintillp  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 

Plastic  Insulation  Parts 

Accurate  Mfg.  Co.,  Inc.,  Philadelphia  32, 
Pa. 

American  Insulator  Corp.,  New  Freedom, 

Norton  Laboratories,  Inc.,  Lockport,  N.  Y. 

Rods 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbrifige,  N.  J. 

Stampings  &  Puncblngs — Paper 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  N.  J. 

INSULATORS — Ceramic 

Scintilla  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 

KEYERS  &  COUPLERS 

Northern  Radio  Co.,  Inc.,  143-145  W. 
22nd  St,  New  York  11,  N.  Y. 

KNOBS— Plastic  Molded 

American  Insulator  Corp.,  New  Freedom, 
Pa. 

Norton  Laboratories,  Inc.,  Lockport 
N.  Y. 

LIGHTS— Photoelectric  Source 

Eby,  Inc.,  Hugh  H.,  18  W.  Chelton  Ave., 
Philadelphia  13,  Pa. 

LUGS  AND  TERMINALS 

Lambert  Mfg.  Co.,  639  West  12th  St, 
Erie,  Pa, 

METAL  PARTS— Powdered 

Stackpole  Carbon  Co.,  St  Marys,  Pa. 

METAL  PARTS — Small  Metal  Stampings 

Accurate  Mfg.  Co.,  Inc.,  Philadelphia  32, 
Pa. 

Atlas  Tool  and  Design  Co.,  Caster  &  Ken¬ 
sington  Avenues,  Philadelphia  24,  Pa. 

Lambert  Mfg.  Co.,  639  West  12th  St, 
Erie,  Pa. 


CRYSTALS— Receiver  Control 

Bliley  Electric  Co.,  Union  Station  Bldg., 
Erie,  Pa. 

Smith  Laboratories,  Melvin  L.,  16  Field 
St,  Kane,  Pa. 

DIELECTRICS— Liquids  &  Solids 

Sun  Oil  Co.,  1608  Walnut  St,  Philadelphia 
3,  Pa. 

DIES 

Atlas  Tool  and  Design  Co.,  Castor  &  Ken¬ 
sington  Avenues,  Philadelphia  24,  Pa, 

DRAFTING  EQUIPMENT 

Ozalid  Products  Div.,  General  Aniline  & 


Varnish  Cambric  Coatings 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  N.  J. 

Waxes 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y, 
Sun  Oil  Co.,  1608  Walnut  St,  Philadelphia 
3,  Pa. 


INSULATION  MATERIALS 
Ceramic 

Scintilla  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 


METALS 

Brass  and  Bronse 

Phosphor  Bronze  Smelting  Co.,  2200 
Washington  Ave.,  Philadelphia  46, 
Pa. 

Phosphor  Bronie 

Phosphor  Bronze  Smelting  Co.,  2200 
Washington  Ave.,  Philadelphia  46, 
Pa. 

MONITORS — Frequency 

Northern  Radio  Co.,  Inc.,  143-145  West 
22nd  St.,  New  York  11,  N.  Y. 

(continued  on  next  paqe) 
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TURNTAILCS — Rvcerdlag  oad  Tm. 
tcrlptloH 

Gray  Research  &  Development  50  N. 
Central  Ave.,  Elmsford.  N.  Y. 

WASHERS— lasalotlag 

Franklin  Flbre-Lamltex  Corp.,  12  th  * 
French  Sts.,  Wilmington,  DeL 

WIRE— Hookap 

Precision  Tube  Co.,  3828  Terrace  St, 
Philadelphia  28,  Pa. 


(costisued  from  preceding  pege) 

MOMITORS— ffSJ  Traatmlfimr 

Northern  Radio  Co.,  Inc.,  143-1*5  West 
22nd  St.,  New  York  11,  N.  Y. 

MOTORS— frocfloaol  kp 

Marco  Industries,  Depew,  N.  Y. 

Smith  Laboratories,  Melvin  Lk,  16  Field 
St.,  Kahe,  Pa. 

MOTORS— Pkoaogropk 

Marco  Industries,  Depew,  N.  Y. 

MOTORS— Syaekroaoas 

Maroo  Industries,  Depew,  N.  Y. 

MOTORS— TIailag 

Maroo  Industries,  Depew,  N.  Y. 

MUSIC  SYSTEMS— ladatfrlol  oatf 
Coaiaiarcial 

Schulmerich  Electronics,  Inc.,  Sellersville, 
Pa. 

York  Electric  &  Machine  Co.,  Carillotone 
Dlv„  30-34  N.  Penn  St.,  York,  Pa. 

OSCILLATORS— Crysfaf 

Smith  Laboratories,  Melvin  L.,  16  Field 
St.,  Kane,  Pa. 

OSCILLATORS— Rodio  fraqaaacy 

Northern  Radio  Co.,  Inc.,  143-146  W. 
22nd  SL,  New  York  11,  N.  Y. 

OSCILLATORS— U/#rateale 

Barker  ft  Williamson,  236  Fairfield  Ave., 
Upper  Darby,  Pa. 

Brush  Development  Co.,  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 

Fisher  Scientific  Co.,  717  Forbes  SL, 


RECEIVERS— ^ai 

Kinsey  Radio  Engineering  Co.,  Inc.,  1208 
Famam  St,  Omaha  2,  Nebraska 

RECEIVERS.  HOME— o-ai  Pertob/as 

Bowers  Battery  ft  Spark  Plug  Co.,  Read¬ 
ing,  Pa. 

RECEIVERS.  HOME— o-M  Tabim  Meda/s 

Bowers  Battery  ft  Spark  Plug  Co.,  Read¬ 
ing,  Pa. 

Kinsey  Radio  Engineering  Co.,  Inc.,  1208 
Famam  St,  Omaha  2,  Nebraska 

RECEIVERS.  HOME— l-M  Tobfa  Modalt 

Kinsey  Radio  Engineering  Co.,  Inc.,  1208 
Farnam  St,  Omaha  2,  Nebraj^a 

RECORDERS— Soaad  oad  Pboaegropb 

Presto  Recording  Corp.,  242  West  55th 
St,  New  York,  N.  Y. 

RELAYS— Marcary 

Mack  Electrical  Devices  Co.,  Elkins  Park, 


Pa. 

Atlas  Tool  and  Design  Co.,  Caster  ft  Ken¬ 
sington  Avenues,  Philadelphia  2*, 
Pa. 

Bowers  Battery  ft  Spark  Plug  Co.,  Read¬ 
ing,  Pa.  „ 

Burgess  Battery  Co.,  Battery  Div.,  Free¬ 
port,  Ill. 

Dures  Plastics  ft  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  I. 

Electro-Physical  Laboratories,  Inc.,  290-8 
Dyckman  St,  New  York  34,  N.  Y. 

General  Motors  Co.,  Research  Labs.  Div., 
485  W’,  Milwaukee  Ave.,  Detroit, 

Mich. 

Guardian  Electric  Mfg.  Co.,  1621  West 
Walnut  St.,  Chicago  12.  Ill. 

Instrument  Electronics,  42-17A  Douglas- 
ton  Parkway,  Douglaston,  L.  L, 
N.  Y. 

Kinsey  Radio  Engineering  Co.,  Ina,  1201 
Farnam  St,  Omaha  27,  Nebraska 

Lambert  Mfg.  Co.,  639  West  12th  St, 
Erie,  Pa. 

Mack  Electrical  Devices  Co.,  Elkins  Park, 
Pa. 

Marco  Industries,  Depew,  N.  Y. 

Moyen,  C.  P.,  908  Chicago  Ave.,  Chicago, 
IlL 

National  Radio  Service  Co.,  Relsterstown 
Rd.  at  Cold  Spring  Lane,  Baltimon 
15,  Md. 

Northern  Itadio  Co.,  Inc.,  148-146  W.  22nd 
St,  New  York  11,  N.  Y. 

Norton  Laboratories,  Inc.,  Lockport  N.  Y. 

Osalid  Products  Div.,  General  Aniline  & 
Film  Corp.,  770  Ansco  Rd.,  Johnson 
City,  N.  Y. 

Paragon  Electric  Co.,  Two  Rivers,  Wis¬ 
consin 

Philadelphia  Thermometer  Co.,  4401  N. 
Sixth  St,  Philadelphia,  Pa. 

Phosphor  Bronze  *  Smelting  Co.,  2200 
Washington  Ave.,  Philadelphia  46, 
Pa. 

Ripley  Co.,  Inc.,  P.  O.  Box  31,  Middle- 
town,  Conn. 

Schulmerich  Electronics.  Inc.,  Sellerville, 
Pa. 

Scintilla  Magneto  Div.,  Bendix  Aviation 
Corp.,  Sidney,  N.  Y. 

Seifert  Inc.,  E.  R.,  202  South  Beech  St, 
Syracuse,  N.  Y. 

Sherman  Industrial  Electronics  Co.,  Inc., 
603  Washington  Ave.,  Belleville  9, 
N,  J. 

Simpson  Mfg.  Co.,  Inc.,  Mark,  32-28  49th 
St,  Long  Island  City  3,  N.  Y. 

Smith  Laboratories,  Melvin  L.,  16  Field 
St 

Sun  Oil’  Co.,  1608  Walnut  St,  Philadelphia 
3  Pa. 

Supreme  Transmitter  Corp.,  280  Ninth 
Ave.,  New  York  1,  N.  Y. 

Trent  Co.,  Harold  E.,  Liverlngton  Ave.  at 
Wilde  St,  Philadelphia  27,  Pa. 

Utica  Drop  Forge  ft  Tool  Com.  2415 
Whltesboro  St,  Utica  4,  N.  Y. 

Wurlitzer  Mfg.  Co.,  North  Tonawanda, 
N.  Y. 

York  Electric  ft  Machine  Co.,  Carillotone 
Div.,  30-34  N.  Penn  St,  York,  Pa. 


RESISTAHCE  SPECIALTIES 

Shallcross  Mfg.  Co.,  10  Jackson  Ave., 
Collingdale,  Psu 

RESISTORS— Fixed 

I-T-E  Circuit  Breaker  Co.,  19th  ft  Hamil¬ 
ton  Sts.,  Philadelphia  30,  Pa. 

RESISTORS— Wire  Weeed 

Stackpole  Carbon  Co.,  St  Marys,  Pa. 

RHEOSTATS 

I-T-E  Circuit  Breaker  Co.,  19th  ft  Hamil¬ 
ton  Sts.,  Philadelphia  30,  Pa. 

RINGS— Oil  Seallag 

Stackpole  Carbon  Co.,  St  Marys,  Pa. 

SEALS— Carboe 

Stackpole  Carbon  Co.,  St  Marys,  Pa. 

SOCKETS— Mlelatsre  Seckeft  &  Cea- 
aeefors 

Eby,  Ina,  Hugh  H.,  18  W.  Chelton  Ava, 
Philadelphia  13.  Pa. 

SOUND  SYSTEMS— Ceeiplefe 

Schulmerich  Electronics,  Ina,  Sellersville, 
Pa. 

York  Electric  and  Machine  Co.,  Carillo¬ 
tone  Div.,  30-34  N.  Penn  St,  York, 
Pa. 


PLASTIC  MATERIALS 

Pbeeol  Feraialdebyde — IPbeaellesI 

Durez  Plastics  ft  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y. 

Reties 

Durez  Plastics  &  Chemicals,  Inc.,  1921 
Walck  Rd.,  North  Tonawanda,  N.  Y. 

PLATES— Noaie 

Wilson  Plastics  Div.,  Wilson  Magazine 
Camera  Co.,  6022  Media  St,  Phila¬ 
delphia  31,  Pa. 

POTENTIOMETERS 

I-T-B  Circuit  Breaker  Co.,  19th  ft  Hamil¬ 
ton  Sts.,  Philadelphia  30,  Pa. 

POTS — Solderle  g 

Trent  Co.,  Harold  E.,  Liverlngton  Ave. 
at  Wilde  St,  Philadelphia  27,  Pa. 

POWER  SUPPLIES 

National  Radio  Service  Co.,  Relsterstown 
Rd.  at  Cold  Spring  Lane,  Baltimore 
16,  Md. 

POWER  SUPPLIES— Elecfroflically 
Regslofed 

National  Radio  Service  Co.,  Relsterstown 
Rd.  at  Cold  Spring  Lane,  Baltimore, 
16.  Md. 

POWER  SUPPLIES— Veltog*  Regglofcd 

National  Radio  Service  Co.,  Relsterstown 
Rd.  at  Cold  Spring  Lane,  Baltimore, 
16,  Md. 

RECEIVERS— o-M  Fixed  Freqaeacy 

Kinsey  Radio  Engineering  Co.,  Inc.,  1208 
Famam  St,  Omaha  27,  Nebraska 

RECEIVERS— A  afeaieblla 

Kinsey  Radio  Engineering  Co.,  Inc.,  1208 
Famam  St.,  Omaha  27,  Nebraska 

RECEIVERS — Diversify  Reeepflea 

Northern  Radio  Co.,  Inc.,  143-146  W. 
22nd  St.,  New  York  11,  N,  Y. 

RECEIVERS— Fixed  Freqaeacy 

Kinsey  Radio  Engineering  Co.,  Inc.,  1208 
Famam  St,  Omaha  2,  Nebraska 


SWITCH  PARTS 

Coafoefs 

Keystone  Carbon  Co.,  St  Marys,  Pa. 

Stackpole  Carbon  Co.,  St  Marys,  Pa. 

TOOLS — Screwdrivers  aad  Small  lata- 
latad 

Utica  Drop  Forge  &  Tool  Corp.,  2415 
Whitesboro  St,  Utica  4,  N.  Y. 

TRANSMITTERS— Aircraft 

Supreme  Transmitter  Corp.,  280  Ninth 
Ave.,  New  York  1,  N.  Y. 

TRANSMITTERS— Afflofear 

Supreme  Transmitter  Corp.,  280  Ninth 
Ave.,  New  York  1,  N.  Y. 

TRANSMITTERS— f-ai 

Radio  Engineering  Labs.  Inc.,  35-64  36th 
St,  I^ng  Island  City,  N.  Y. 

TRANSMITTERS  —  Fixed  Sfatloa  Com- 
oiualcafloa 

Northern  Radio  Co.,  Inc.,  143-145  W. 
22nd  St,  New  York  11,  N.  Y. 

TRANSMITTERS— Marlae 

Supreme  Transmitter  Com,  280  Ninth 
Ave.,  New  York  1,  N.  Y. 

TRANSMITTERS— Televisloa 

Du  Mont  Labs.  Inc.,  Allen  B.,  2  Main 
Ave.,  Passaic,  N.  J. 


KBEC 

Kinsey  Radio  Engineering  Co. 
L.ITTLK-SIX 

Burgess  Battery  Co. 

Battery  Div. 

8ELSYN 

General  Electric  Co. 
Schenectady  6,  N.  Y. 
RTROWGEB 

Automatic  Electric  Co. 
TWIN-SIX 

Burgess  Battery  Co. 

Battery  Div. 


TUIE  PARTS 

Anodes,  Metallised  Graphite 

Stackpole  Carbon  Co.,  St.  Marys,  Pa. 
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Features  VOLTAGE  CONTROL 
by  SUPERIOR  ELECTRIC 

Ail  the  information  required  for  selection 
of  the  correct  voltage  control  apparatus 
is  included — 

FOR  INSTANCE:  If  you  have  an  application  requirtn^f^ 
variable  voltage  to  a  load  of  about  1  KVA  turn  to  page  4. 


To  get  your  copy  of  Bulletin  547  .  .  .  and  for  more  information 
on  POWERSTATS  types  116  and  216,  write 


SUPERIOR  ELECTRIC,  1104  Laurel  Street,  BRISTOL,  CONNECTICUT 
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POWERSTAT  VARIABLE  TRANSFORMERS  •  VOLTBOX  A*C  POWER  SUPPLY  •  STABILINE  V0LTA6E  REGULATORS 
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